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INTRODUCTION 



There is an iriteresting brief history abou : "he past* 50 years of 
effort by science educators to review and sunmarize research related 
.to sci^ence teaching (Mallinson, "1975) . It is not surprising to find 
that each review has a character of its pwiji vhich reflects the 
authors* perceptio.n of the task. 



common functiou has 
record of the develop- 



Beyond these differences in character, their 
served to ^produce a systematic and thoughtl uj 

ment of a small specialized field of reseai'cK which pertains to 
science teaj^hing. Members of the science edt cation community can 
look with satisfaction. on these efforts by th(B profession to insure 
that others can follow, the historical course jo f development that 
this braifch of ^es'earch has taken ♦ 



The character of the present Wnnual review ^s 
objectives described below, aad through the|o 



reflected through the' 
rganization and fea- 



tures which have been adopted/ to achieve th<i>s^ objectives. 



Ojjjectives * ' . 

^ Our primary objective in this anni^i^^^r^iew ha^ been to portray a 
sense pf the broad picture ofe wji^ occurred inl science education 
research during 1977 and toiidentlfy . ^pm\ of unique features 
of the year's research, another 'wk^], we h^ve tried to describe 

the landscape and point Qutia few key la^i^dmarks in this survey of 



Approximately 350: research studies. 



Our^srecond objective was td link the major' ^e^rch findings of 
1977 with the past.^ Our effort; was modest iTjV|:his- regard; we simply 
studied tfie ERIC annual reviews from 1972-1976 dnd attempted to 
relate our conclusions to irends and issues discussed by the authors 



of those reviews. ¥e now 



and careful synthesis of Research over this time period. 



recognize the need for ^ more systematic 
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Oiir third objeGtive^4as to communicate as directly as possible with 
teacher^, hoping'tq^ increase the likelihood -that research findings 
might be applied in classrooms* This objective was accorded the 
highest priority fort^research , in science education by members of 
the National Association for Research in Science Teaching, accord- 
ing to Butts, et al. (see pagia 7 of this review). , In the^interest 
pf broadening our view of research, we shall discuss Kerlin^jer's 
(1977) opposing vi^ in the CONCLUSIONS section that there are 
deleterrious consequences to /the view that research .should have "pay- 
off" and be ^'relevant" to, classrooms (see p. '79}. 

■ Organigat/on and Fe^atures / 

To achieve the^e objectives, the review is organized into four major 
parts, /Which are in turnr divided into a number of sections • 

The Overview is a presypntation and discussion of research which ciealt 
with/(l) tile philosopliy of science education, (2) its goals, obj,ec- 
tives and priorities/ and (3) research which is somehow related to 
the status of the s/ience education research enterprise. This latter 
section includes a description of other reviews of research, in scienc 
efducation. PART ONE is a sort of introduction to the research^ land-- 
/s*cape. 

The second part, EX POST FACTO and SURVEY RESEARCH, is based on Ker- 
linger's description of these two kinds of non-experimental research. 
Included are all of tiiose Studies which attempted to explain a pheno- 
menon that had already oc-curred (ex poet facto) or surveys about the 
characteristics of students, teachers or others (science supervisors 
or scientists) and science programs. 

Quite often these two kinds of research are placed in literary compe- 
tition with experiinental research, and — not surprisingly — accorded 
"honorable mention" status. Yet, ex post facto research is some- 
times our only choice in research because we simply do not have 
control of the variables of interest; and surveys are just as often 
the logical prerequisite to experimental research, unless of course 
we presume to change sitiiat.ions about which we h^ve vfery little 
basic Infonnation. « 

TIius, we have placed these n6n-experimental^ studies in a division of 
their o\|^ in order to focus readers' attention on their results. 

The third part, EX^ERI^JENTAL RESEARCH, fc^tuses on those studies 
reported in 1977 which evaluated the effect of some variable, such % 
as a particular curriculum or method of teaching, on students or 
teachers. 

The second} and third parts have been organized to reach two audiences 
teachers and researchers. Within these parts, studies are presented 
in categories that pertain first to the grade level of the student 
population investigated, and second that pertain to traditional areas 



of interest such as achievement or attitudes. Illustrative examples 
fdllow. 



Teachers will find in the first section of part two and again in the 
first section of. part- three all of the research related to the grade 
l^vel of greatest interest to them: elementary, middle school/ junior 
high^ secondary or college (which includes Community College and 
University populations). In the second section of the respective 
parts two and three, teachers will find research about themselves, 
the teaching population, . ^ . • 

Researchers who wish to read reviews of studies related to cognitive 
development, achievement, attitudes and perceptions or instruction 
will find a matrix in the introduction to part two and another mat^'ix 
introducing part three. These two matrices provide page numbers for 
references to the areas of particular interest. 

The second and third parts have a common feature vhich, we hope, ^ill 
enhance communication with teaciiers.' In each section, several logi- 
cally related questions are asked, and each question is followed by 
a description 'of one or more studies. The studies we cite dre not, 
intended to be definitive answers to the questions but rather are 
simply, the findings that investigators reported during 1977 In rela- 
tion to the questions, . ' \^ ^ ^ * 

There are two reasons for using the question-posing featilre, / One 
reason has to do with our objective to comiriunicafe more' directly, with 
teachers, in ^n effort to improve the applicability of r es ear ol^; find- 
ings. To> strengthen the link between research and classroom* prac- 
tices, we rhetorically asked ourselves, '*\'/hat does thi^ research have 
to do with teaching science?" From that general quesjtion we derived 
• a niimber of specific questions that seiTved to organize the studies 
we report. Basic research or studies without immediately apparent 
classroom applicability were often d^^crlbed 6^s an. ^introductory 
•question. • • * . \ 

* • • • ■ 

*The 'Other reason for the question-posing* fefla.t;ure has to do with the 
trend toward multivariate research. _It is 4nQrea6i,ngly difficult 
to telle, about research In Single or un|:variate cat^gories like 
achievement or attitudes because so.ioany investigators j)refer to 
measure multiple outcomes -upon diverse populations i Tfie, result is 
that .research findings are more often "reported as having; different . 
eff^ts ointhe various subgroups, understandably. Revi^\Hng mul'ti-*. 
variate studies, however,' pi^esjBitts a special problem whi.ch'^^is dis- ''^ 
cussed ih the fc^urth part,, CONCLtJSIONS . In preaenting this research, 
we used the question-posing feature to* tie studies together, 

Rqad^rs wili find most of this discussipn of the-^organlzation and 
features of the second and third parts repeated in the respective 
Introductions to those parts; the repetition is for tHe benefit of 
readers who begin reading this review at one of thos^ points.. 



The fpurth part, CONCLUSIONS, is focused on the. broad picture, and 
links the major findings of 1977 with trends and issue^-of the^ past 
five> years of research in science education, as^ suggested by the 
ERIC -annual' reviex^s from 1972-1976. In the fourth part, we, have 
cut across grade levels and cut -acrosi^ , research designs (ex^post . 
facto, survey, experimental) in order to focus attention along 
traditional lines of inquiry: (1) cognitive develppment, (2) 
achievenjent, (3) . attitxldes and perceptions, and C*i) instruction. 

"The fourth part is a substantial part of the- review in terms of 
$pace/, 'SummaiTization and synthesis. In- our view, brief, regularly 
placecl summaries at the endh of sections would have ^dded little g 
to the d^iscussion, ,ln many* tases; knd so we often preferred* to 
wait and discuss the findings o^ each section in a larger context. 

Tp conclude part four we have addresseH some of the implications of 
.the year's research to teachers and other implications to researchers. 

Finally, we encourage ref^aders to^'look at Appendioc A, Other Pai^ers , 
;for a brief * reference to several excell^t refearch pap'ers that 
^eeme^ to resist fitting into;our major organizatioij. ] 



OVERVIEW ^ " . 

Introduction 

Jn this part we discuss* research which deals with three aspects of 
science education: its philosophy, its goals, objectives and prior- 
ities, '.and finally the status of the re^^arch enterprise itself in 
the field of science education, as indicated by^ the number of 
studies reviewed herein an^ by a brief description of foreign 
reviews of research that have come to our attention. 



Philosophy 

In fa discussion or review of research in science education, the, 
search for "wisdotn, knowledge and principles underlying the nat^ii'e 
of the universe" (Webster) is probably most appropriately consi^-- 
ered at one of two times: either at the beginning or at the 

*After' reading the ideas expressed in the three theses on philos^dphy 
this year (Bird, 1977; Mitchell, • 1977; T. R. Peterson, 1977), 
seemed like a natural place to begin^our di&cus^ion, for the adbhors 

,aajc questions which are timeless and yet have that sense of urg^cy 
about them that demands our attention. The authors of these df^er- 
' 6ttions ask questions about the nature of inquiry in science, th^ 
nsjtur'e of knowledge, and the source of human values, !??f\ 

One of the principal purposes' of education, J. A. Bird of the :l!4i^er 
sity pf California^ Santa Barbara, proposes, is to provide st^^^nts 
with faculties required f©r life in a world increasingly inf lanced 
by scientific technology and to help them gain capabilities t^f 
broaden the base of responsibility in its use. :lp 

In his^ dissertation entitled Inquiry, Integration and Immediatty 
in Science Education, A Philosophical Perspective , Bird (1977i/, 
describes particular concerns* in our culture which^indicate tn% 
growing need for a deeper and more comprehensive understanding;'; 
of science and tethno logy. He examines recent developmei^ts lAvJ > 
science education which may enhance this understanding among a/ 
.greater portion of individuals in society and offers an expan^eM 
view of science and education, to demonstrate that their corre^^ar 
tion can. provide a unique opportunity' to increase students' awk^- 
ness af their own^ resoufc^^s and their reeponslbilitles in a '.\ i 

\V 



•scientific and technological society. ^ 



To movje'from Inquiry to a contrasting point of view, we see in *\/ 
, T. R. Peterson *»s (1977). dissertation (University t)f Illinois at V 
Urbana^ a comparison o^ SchWab^s notion that all knowledge is "A 
tent'ative and Burner's notion' of knowledge as based on ideas whlchi.V 
are constructs used in science to serve as models that give, mean- A 
lng« to the regularities we' experience. Both Schwab's and Bruner's ) 
»viewg of knowledge are juxtaposed against a Thomlstic philosophy 
whose underlying theme Is the issue of certitude in this thesis,' 
The Albert us Magnus Lyceum; A Thomlstic Approach to Science 
Education* * ; . ^ * , 
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B. hfl-tchell (1977), from the University of Toronto, undertook the 
topic. The Nature or Scientific, Historical and Evaluative Sudgments 
vlth Some Itnplicatlons for Education ♦ He discusses the similarities 
of methods used by scientists and historians and rejects the notion 
that art or history provides a unique type 6f knowledge that cannot 
be tested In the same tnanner as scientific knowledge. The nature of 
history is characterized by the way In which hypotheses are corrobo- 
rated, he claims, and suggests that this methodology corresponds to 
the scientific mpdel. 

One implication. of this thesis, Mitchell points out, is that value 
judgments have important functions in the work of scientists and 
historians. Mitchell argues that this should be much more clearly 
^revealed in the teaching of these subjects. 

There is a flavor of optimism* in Bird's philosophy that readers will 
sense as he examines the goals of science and* education and reaches , 
the conclusion that stuc^nts can discover how to accept and appre- 
ciate science in society/. The questions Peterson and Mitchell take 
on are in fact the same ones we ask at the conclusion of our review, 
questions about how certain we are of the new knowledge that has 
been suggested by research, and questions about integrating this 
knowledge into prevailing human values. 

The logical place to begin as we keep these questions in mind is 
considerations about goa^s , objectives and priorities for^research 
in science education. But before we leave philosophy, we wish to 
note with appreciation the comments of Moravcslk (1977) in "Tx^^o- . 
Views of Science — As a Student and 'vingt ans apres ' '* which 
appeared in The Physics Teacher , January, 1977. After 20 years as 
a research scientist, Moravcslk reflects' on one element of his 
philosophy that has not changed: 

J... It Is.th^ esthetic excitement and satisfaction that 
we *^ . . obtain from enlatglng our understanding of how 
nature works.... (p. 36). ^ - • 

We find that Moravcslk 's view of '^enlarging our understanding of how 
nature work^* "coincides with our view of natu^re Which Includes the 
nature of teaching and learning in science education. 



Goals ^ Objectives and Priorities 

The goals, objectives, and priorities of 'academic disciplines may 
be reflected by the activities the members choose to pursue. Such 
activities, it can be argued, are the de facto goals, objectives, 
and priorities of individuals that comprise the group. Thus' a sur- 
vey of the members' chosen activities, such as those reflected in 
this annual review of science education research, can be Inferred 
to represent both the coheslveness and diversity of our discipline's 
goals. Another way to think about our gbalsi objectives, and prior- 
' ities is to ask the members to describe thelr^notlon of this 
Important foaus. 

ii ■ 



What areas of research should have highest priority ? 

This question was a^k^d of National Association for Research i:n 
Science Teachings (NARST) members in a survey which .used the three- 
phase Delphi technlquA Butts et al. (1977) reported on the 
Results of the survey at the annual NARST meeting in ^itcinnati, 
Ohio. 

InLthe final report of the Delphi study, five statements charac-* 
terized .the final consensus of responses regarding areas and 
privities for research in science education: (1) Application of 
learning and cognitive development theories to classroom instruc- 
tion;' (2) Analysis of classroom learning behaviors thkt facilitate 
scienitfe learning; tS) laentification of the elements that are 
essential in translating both research and development -activities 
into classroom practice; (4) Analysis of strategies for acquisi- 
tion, retention and transfer of problem solving in students; aad 
(5) Identl^f ication and. validation of strategies to assist pre- 
service and inservice teachers in acquiring specific teaching' ' 
skills. 

The authors of the Delphi stu^y reported on the relationships 
among , demographic infoipmation provided by NARST members and their 
ratings .,of priorities for research in science education! Correla- 
tions were provided (1) between the ranking of importance of 
research by respondents and their ranking of the research state- 
ments, (2) between the research productivity of respondents and 
/their ranking of research statements, (3) between the amount of 
formal training respondents had arid their research pt6ductivity, 
and ^(4) between the amount of budgeted research time and their 
research productivity. 

The authors report that the lack of major correlations between the 
demographic variables^ and the ^ratings of the research statements 
(i.e. priorities) "indicate th^ broad-based support for those 
activities with the highest res.earch priority" (p. 10). Very high 
cortelatibns, positive or pegative, between demographic variables 
and priorities would haye been evidence of polarity among NARST 
members, reflecting differences ii^ priorities among those with 
differing amounts of training, years of experience or research pro- 
ductivity. Thus, even though only 13 percent of the NARST members 
r-esponding to the Delphi study have published an average of one 
article per year over the past five years, and 50 percent of the 
respondents have none, or one article, published during the 'past 
fiVe years, there a^ipears to be a moderate degree of consensus 
among those surveyed » 



The Status of Research in Science Education 

In this section we discuss the status of the research enterprise, 
not the status of science education itself, a topic to be discussed 
later* Our discussion of statu^ is a reflection of numbers of stu- 
dies and reviews, rather than a c^alitative assessment of thei^" value 



within the 1977 annual review of research in science education, 356 
rb^orts of research or research-related papers are represented. Of 
th^s^e,^ 26 individual reports of vjje^avch In foreign countries are y 
descr^ibed and listed in Appendix B (Australia, Canada/ Israel, Kenva, 
Nigeria^ Puerto Rico, Scotland, Thailand, U.S.S*R.^ and a Europeari 
consortium of sorts), and 330 reports of research Conducted ♦n the 
Onited^'States are represented. ^ 

No doubt -many unexplored avenues and unmentioned references need tg 
be brought to the attention of the ERIC staff so, thdt future review-^- 
ers can cjlaracterize a broader view of science education research at 
the international level. Such information should be directed to the 
attention the Director of the ERIC Clearinghouse for Science, 
Mathematics and Environmental Educa^jton at Th^ Ohio State University, 
Columbus, Ohip, 432121 ' 

To reflect a wider international vle^ of the status of science educa- 
tion research, we wish to 'describe and refer readers to three reviews 
of research from foreign countries and two U.S. Reviews. 

Studies In Scieftce Education (Layton, 1977) is arij annual publication 
which has created its own niche by publishing reviews of research 
about specific areas of science eflucation and by differing through 
analytical, surveys, a synthesis of recent contributions which come 
from a wide Variety of sources. \ 

In the fourth volume. Power (1977) offers* an overview and critical 
review of research which deals with science classroom interactions. 
Othet revia^s deal with the meajilng of, and arguments for," science 
(S» Brown, 1977), trends In choices of science courses In secondary 
^choWs (Entwistle and Duckworth, 1977), and cultural^ borrowing and, 
comparative researc?|| in science education (Holmes, 1977). 

\ ■ ..^ / 

A publication called Researcp In -Science Education (Power, 1976) 
describes the proceedings of the "Australian Science Education 
Research Association's annual conference. This volume presents 
topics including undergraduate research experience,* science concept 
developi^ent , science and perception, classroom environments, cognl- ^ 
tive preference^ and intellectual development. ^ ^ 

Research in Science and MatTiematics Education (Wancfios and Raina, 
1976) examines research in India and the question of whether science 
and mathematics education in that country influence social change. 
This publication deals with research in science and mathematics \ 
^ucat ion,, curriculum, methods, instructional materials and eval\^ 
uatlon. ^ ^ • \ 

A brief digest was prepared by P. M. Mathls (1976) and was presentd^ 
as a paper kt the annual meeting of the Tennessee Academy of Science 
in Chattanooga. The author reviewed Studies which pertain to teach- 
ing ^nd learning abdut the nature of science. May and Riley (1977) 
reviewed and evaluated, research litera'tqre on the link between 
teacher behavior and learner outcomes. 

We bYing these refetrences to the reader^s attention, aijd resist the 
temptation to review reviews* of research. ^ 

' * . ' * ^ 8 . 



POST. FACTO AND^SURVEY'-tESIIARCH . . ' ' . 

Introduction . " ^ . - * ^ 

When you want to explain a phenomenon that has already occurred, 
Kerliiiger (1973) tells readers', ^you are confronted with the unpleasant 
fact that you don't have real cpntrol of the possible causes; that is 
'wliy it*s called ex post facto research. ' ' 

ks researchers, we are adecfuately aware of the possibilities for mis- 
interpreting events and- the ease of thinking that one thing causes ^ 
qnother simply because they occur dn sequence. Unfortunately," know-* 
ing about these dangers does not solve the problem. Until we gain 
control of all the variables in classrooms (aod that's not likely to 
he^ fdf a very long time), we need ex post facto research*. 

Similarly, we ne,ed surveys to accurately assess the characteristics 
of .students and classrooms b'efore presumptuously designing experi- 
ments to improve theta. 

Ex post, facto research and surveys are generally placed in literary 
competition with experimentaJTlresearch, and as such, given "honor- 
able mention" status at the .ends of sections describing experimental 
studies . 

We have placed ex post facto research and surveys 'in a section of 
their own, not. because we are concerned with questions of status 
but because we recognize they are often the first step and only 
logical prerequisite ^o experimental research; and for this reason 
it is important to focus attention on the results of the studies 
themselves » 

As we looked at the various studies conducted in 1977, we tried to . 
fit them together like pieces of a jigsaw puzzle. Although far from 
all the pieces fit and many crucial pieces were missing, some rather 
interesting bits of pictures began to emerge as we tied the 1977 
studies to related research from the past five years. We discuss 
this broader picture in CONCLUSIONS. 

Some readers will caution that we ought not try to generalize from 
studies which have differing purposes and populations, but it is 
easy to postpone generalization or synthesis with. the rationaliza- 
tioi:^ that^more comprehensive studl^es are needed. In the meanwhile 
other *ex post facto researchers and surveyors continue to ask ques- 
tions ahd conduct investigations. Therefore, we have t)akeiT these 
studies which cover a variety of issues and attempted to inter- 
pret them as clues to larger questions whenever possible. 

This parf is divided into three sections: (1) studies about 
students, (2) studies about teachers and others involved in 
science or science education- in* some way, and (3) studies about 
BCience programs, 

\ • 

. . 9 •■ 
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In each section^ several logically related questions*are asked and 
each question is followed by a description of one or more studies- 
No pretense or assumption is made that any one or ^wo studies -really 
answer the question posed, but the studies are offered as possible 
clues to broad questions. ? 

There are two reasons for using the question^^^posing technique. One 
reason has to do with the applicability of research -findings. We 
have attempted to strengthen, the link between research and classroom 
practice by rKetorically asking '*What does this res^argi have to do 
with teaching science?" The other reason has to do with\the/large 
number of multivariate stjudies and will be discussed shb-rEIy. 

Because of our afttempt to find practical application^s^wherever, 

possible, we have presented the studies about students by grade 

level so that teachers might easily look for resultssof surveys 

pertaining to students- of their level of interest. 

* ff 

^ % 

As researchers, we are unaccustomed to organizing research by grade 
levels but it has turned out to be an acceptable solution to a' 
difficult' problem. The. t*rend toward multivariate research makes 
it increasingly difficult to talk about research within traditionsiX 
categories of achievement, attitudes and so forth, simply because 
one must deal with the' interactions among many dependent variables. 
This condition, mbre than any other, led us to use grade level as 
the most stable category, and also led us to use the question-posing 
technique as ^ strategy for dealing with multivariate research. 
(A tabre thorough discussion of the influence of multivariate studies 
on science education research is found in the CONCLUSIONS section. 
When^er possible, however, we have discussed research within a 
framework of cognitive development, achievement, attitudes and 
perceptions, and instruction.) Mattix 1: EX POST FACTO AND SURVEY 
RESEARCH is provided to help readers locate discussions v^hich 
relate to those areas of interest. 
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Students , " 

Elementary Students 

We begin this section by looking at studies that revfeal something 
about Cognitive development and processes, ar^d ask the folloving 
question: * 



How do children think? / 

■ • ■ » — f » 

Among the many studies which deal with Piajgetian theory, there is 
one that, stands out for it^ unique approj|C[h, Kraft (1976) looked 
.at,^iWi3t goes on beneath the child's verbal response to Fiagetian . 
tasks. 

Kraft studied the^ hemispheric brain functioning of 18 children (aged 
sIjc to eight years) as they solved Piagetkan! and curriculum tasks. 
Elfectroencephalograms portrayed the propdjtipns of right/left hemi- 
sphere functioning and the shifts betweer^ heHaspheres for each child 
during conservation tasks (substance and'area^, spatial tasks, and 
curriculum tasks in reading, ' syllogistic logic and mental arithme- 
'tic. 

Kraft concluded that ' ^ \ 

tasks (Piag^ian and reading) wl^|8^>-jjad initial visuo- 
spatial components during the stisailus (or encoding), 
period,- tended to elicit right hemispheric activity during 
that period. If that task had verbal logical coimonents 
• during the sub-sequent response (or decoding) period, then 
left hemispheric activity tended to be elicited. However, 
high performers on these tasks tended to show a greater 
,proportion of right hemispheri^activity during the subse- 
quent response per£^ than low performers, indicating that 
tte verbal left hemisphere of the high performers utilized 
greater ability to tap the visuo-spatial right hesisphere's 
knowledge about the stimulus. Therefore, the investigator 
suggesta that Fiagetian tasks are behavioral measurements 
of inteMemi spheric communication and selective inhibition 
and further, that the ontogeny, of Fiagetian stages is a 
behavioral index of maturing neural fibres (between left 
and right cerebral hemisphere and from the reticular acti- 
vating system to the two hemispheres) which facilitate these 
processes (p. 5587-A). 

What are some of the implicatiotls of Kraft's study? First, if the 
technique she used is replicated by others, we may* begin to look 
for training-effect differences, in hemispheric functioning among 
school a^ed piiplls and tasks. Because this is a relatively new ' 
approach to the study of cognitive devel6pment, it appears pre- 
mature to us to recommend direct- classroom application. 
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Dean (1977) conducte^ an Investigation of how children (aged 7 and 
-12 years) perform laming and recall tasks by applying an Informa- 
tion Theoretic Analysis model. Behaviors were studied to determine, 
how information^ is processed and how subjects formed cued and non- 
cued recalls in immediate and delayed remembrances. Dean^s major 
findingis were that children of different ages assimilated informa- 
tion and schematized it for different operational structures. 

To help us understand how children of different ages and cultures 
tm^srstand concepts at different levels of complexity. Raven and 
Thougprasert (1977) compared Thai and American student;s' (169 fifth 
graders; 159 eighth graders) acquisition o? 13 concepts in physics. 
Using the Test of El-ementary Physical Science Cognitive Structure 
(TEPSCS) they report "differences among the three levels of cogni- 
tive complexity epcist in the two age groups studied within the Thai 
and American cultures, ...and between the Thai and American cul- ^ 
tures . " 

Steller (1977) conducted a survey to measure the ability of children 
(ages 12-13 years) to recognize and transfer the concept ^of con-^ 
trolling variables. Readers have a tr^at in store as they follow f 
the author's account of admfnistertng tasks to Netherlands student^. 
Steller found those who were able to^ control variables in tasks 
where they could see the objects, could not always do so in 
abstract situations. 

Smith and Padilla (1977) examined the strategies used by first grade 
children in performing a seriation task, using materials varying in 
length or weight. The authors describe*^ "concept-task-strategy" 
eaq)loyed by the -children. Za*Rour's^ study (1977) retested and con- 
firmed Piaget*s position that two types of conservation, identity 
and, equivalence, are concomitant developments. 

Owley (1977) tape-recorded interviews with 132 children to study 
the development of the child's concept^f ecology, and found that 
children's cognitive stages (intuitive, concrete, formal) were 
related to their development of the concept. The effect of gender 
^nd place of residence (urban, rural) on concept development were 
also discussed. , *, 

Bov veil do children* s behaviors aatoh their 
self'-perceptJLons as problem-solvers ? 

To answer this question, Shymansky, P^ick, '.Matthews and Good (1977) 
assessed 201 elementary students* perception of their own problem- 
solving abilities and students* actual classroom behavior solving 
hands-on science problems. At the beginning and ending of the schoo 
ycar,-studeats* in grades one through five were administered the Shy- 
wansky Self-Perceptions jin Science-II test (SPS-II) and"^ observed by 
trained observers us,ing the Science Curriquliim Assessment System 
(SCAS)* Results, indicated that children 'who perceived themselves 
as self-reliant vqre -more independent in solving prpblenGs than' 



children who viewed theinseli^es as deperideait-prone. Dependence upon 
'others by dependent-prone ^udents was Inore evident in higher grades, 
The authors discuss the imylicat ions''" of their findings for ^teachers 
who use hands-on student-ajctivity^oiriented science progran 



How are children affecj^^ by having open- or clese-minded teachers? 

Kadlecek (1977) anaiyzed/,the behavior of 20 fourth, fiftA and sixth 
^ grade teachers and thelJ classes* Using the Rokeach Do^natisi? Scaje 
to assess pffqn/closed-mlndedness in teachers and Figert's Elementary 
School D'^tgtnatism Scale /(ESDS) for children at the begii|(ning and end 
of yeaj^*he was able to assess changes in class piean shores, and 
detept the direction or individual 'score changes. Ad<^itionally , 
Kadlecek analyzed chilidrens ' classroom- behavior during science by 
applying the Verbal Interaction Category System (VICST to regularized 
samples^of tape recorpings. / 

Kadlecek found that student mean ESDS -scores for classes taught by 
open-minded teachers? changed (indicating more. open-minded individuals) 
jto a greater degree chan those for classes taught by closed-minded 
teachers. Analysis /of tape records showed there were greater amounts 
, of teacher listening and acceptance of students' ideas by open-minded 
teachers while there was more teacher rejection of student talk and 
more periods of tiine when no interaction* occurred in classes taught 
by close-minded teachers. 

Obj^tivity is a bfehavior €hat science teachers and curriculum 
developers have gyven considerable thought to enhancing. If we 
assume that .x>pen-mnded teachers are better able to model objectivity 
than close-fflinded/ teachers , then it may be of value to assess open/ 
close-mindedness /among student teachers in order to increase their 
self-awareness and potential for modeling *that behavior for students. 



Secondary Students 
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We begin this 
about the coj 
Among .the man^ 
Karplus et a! 
und!er^tandinj 
to' Improve ii 
among large 
tion. 



'ection by looking at surveys which reveal something 
tiye development and processes of hi^ school students, 
studies that, dealt with Piagetian studies, a survey by 
(1977), is exceptional in scope. If we assume that an 
of students' logical reasoning abilities will enable us 
trtiction, then it makes s^nse to look for differences 
oups of individuals receiving similar kinds of instruc- 
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Are there^ variations In the logical reasoning abilities of adoles- 
cents of the same age among European and American schools? 

For the first time (1977), we have a substantial international survey 
of the logical reasoning ability of adolescents. Karplus et al._ 
administered tvo Piagetian tasks (Ratio Pap%r Clip task and the 
ControlVof Variables task by Wollman) to approximately 3500 students 
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In Copenhagen (N:= 399>, Sweden |(N = 280) , Italy XN^467), United 
. States (N« 1020), Aiisttfla (N^^sps, Germany (N = 319); and Great 
Britain (N = 376) » The twD task^ were ^translated into five languages 
and^ presented in collaboration Vith science education research groups 
In each country. \ 

The authors analyzed test- performance in terms of students' country, 
gender, and socioeconomic status or achievement level — depending on 
the school organization in each Country, They reported that 

Differences in achievement [we assume this to mean task 
performance] among countries were smaller than differences 
among groups within a country ... .Both socioeconomic status 
and selectivity of school affected school performance 
significantly ... .The effects of gender were not associated 
systematically with a particular form of school organiza- 
tion^ nor with classes segregated by gender. Significant 
differences that did occur always favored the boys.... (p. 
416). 

The authors conclude "...ft appears from the small but significant 
country-to-country differences that teaching can have some influ- 
ence on the development of reasoning by the students in the age 
range being investigated here (ages 13-15 years)" (p. 416). 

If such' diM erences in approach to teaching are responsible for 
differences in reasoning patterns, there is reason for optimism 
^ amojig science educators: teaching is 6ne variable over whicli 
schools have control. 

One of the major contribution^ of the Karplus et al. studV, aside 
from the data,^ is that it sets the stage for demographic mapping 
on a new scale. We shall discuss the implication further in the 
CONCLUSIONS section. The report by Karplus et al. of inconsistent 
differences between se^^es leads to our next question; which is an 
old one: 
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What accounts for the sporadic differences in logical reasoning 
performance between genders? 

Piburn (1977) examined tlhe relationship between gender, field- 
depen^enc^ 'and formal thought. Subj ects for the study (30 males, 
36 females) were equally^ represented in* nunfcers from junior* high 
school, high school and college • Theii' performance on 12 Piagetian 
tasks (4 written, 8 clintcal, i.e^, manipulative) ^nd the Embedded 
Figures Test for field-dependence was analyzed. 



Although Pibum found that males, aid 
manced females and field-dependent 
±n performance between the sexes 
terms of \field~dependence,. har in 
tests as 3oi£ie have suggested* 



field-independents outperform- 
the*data show that differences 
t be explained simply in 
errns o'f written versus clinical 
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"Even at the relatively weak one-tailed 95 percent confidence level, 
^ only four significant differences were revealed,/' among 15 compari- 
, sons# Males were more successful on two of four proportionality 
tasks, and thus the total for that schema, and subsequently for the 
total overall tasks; but no significant differences were found 
between the sexes in performance on the five' combinatorial tasks 
or three correlational/probability tasks • 

Sex differences, he concluded, "are restricted to very specific 
abilities, and cannot be explained awa^ as the result*,of some 
other factor*" His data, show that proportionality is one such 
ability that deserves further attention. To relate cognitive 
development and processes spe<jifically to science, we ask another 
question. ' ^ . ^ * 

Is logical reasoning related to success or achievement in science ? 

Kolodiy (1977) administered two Piagetian tasks (Chemical liquids; 
Inclined plane) to second-year BSCS high school biology students 
(N=20), college freshman ^rom introductory physics (Nyz5) and 
college seniors majoring in science (N = 25) . He repots scores for 
high school and college freshmen that are nearly equal (35 percent 
and 32 percent Formal; 50 percent and 60 percent Transitional; 15 
per^ent^ and 8 percent Concrete), and significantly different from 
the college serfior sample (64 percent Formal; 28 percent Transi- 
tional; 8 percent Concrete). Correlations were significant between 
SAT math scores and .scores from the two tasks, and between the * 
Chemical liquids task and SAT math/SAT verbal scores. 

Readers will wonder, along with Kolodiy, what happens to the 
students who do not coi^tinue in science. We encourage longitudinal 
studies. Do those who appear to change majors do so because they 
lack abstract reasoning prerequisites, fail tests which require 
formal thought, or because science courses fall to provide appro- 
priate Idgical abstract reasoning experiences? And what accounts' 
for the success of -the 36 percent of the college seniors who are 
science majors, and yet are Transitional (28 percent) or Coifcrete 
(8 percent)? Perhaps they are part of that population which cause * 
professors to assign grades of B and C to majors. ' 

To consider the relationship between cognitive development and 
grades, we consider a study by Subhadhira (1977) next. In Thailand, 
tent:h and twelfth grade student's who demonstrate forrmal operational 
thought receive higher grades in science than *do^ students who are 
not y^t formal, according Xo Subhadhira. We wonder whether the 
model developed by R^ven and Thongprasert (see Surveys about 
Elementary Stucjents) for levels of .logical .CQmpJ.exity. might not 
be a useful follow-up survey for Subhadhifa. 

♦ 

, In this survey, which :inyolved 48 seventh, tenth and twelfth grade 
science classes in dix public schools of Bangkok, Subhadhira *s 
dissertation abstract reports no significant relationship between 
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cognitive* development and achievement among seventh grade st'Udents, 
This intei^sting finding, may be due to^ homogeneous grcfups of 
students wio. are at tlve -concrete operations level, or due pethaps 
to* teaching nJethods or materials that are keyed to -students ' levels 
of cognitive development . , * 

Previously (Surveys about Elementary Students)., Wi# discu3?e*d Raven 
and Thongprasert *s findings about the relationship between concep- 
tual complexity of reading materials and students' understanding 
at various age levels, • A study by Harkabus (1977) Iteads back to a 
familiar question^ * : ' ' ' 



What is the relationship between measures of logical reasoning 
abilit_y and reading ability ?, ' , , . 

Harkabus found.no significant difference in tHe logical reasoning 
abilities between adolescents who were reading at grade level and 
those who were reading two or more years below grade level, - 

There are two points of interest he^e: First, Harkabus was able 
to control ^or differences in socioeconomic status, which is a 
factor often related to reading levels. In this study, Harkabus 
limited hUs sample to affluent "'subjects, and his findings demon- 
strate phat there is littlfe variation in logical reasoning 
ability among high schoo^. students from affluent homes, a finding 
also consistent with research by Karplus and. Peterson (1970). 

A second point of interest* is Harkabus* finding that neither group 
(at- or below-reading level) among affluent high school students, 
achieved at the upper formal level -(i.e.. 75 percent criterion on 
any formal tasks). Thus, the result sTiowf that affluence alone 
does not contribute to exceptional differences in logical reason- 
ing abilities, y ' ' - 

Other demographic surveys on cognitive^ develt)pment dealt with pro- 
portional reasoi^ing, preferences for, solving problems, and reason- 
ing -of male students. Wheeler and Kdss (1977) studied the propor- ^ 
tional reasoning abilities of 1^8 tenth-grade chemistry students 
from large high schools in Canada. ,They report administering four 
tasl^s (Balance task. Ratio task, ^fetric Puzzle^ and Islands puzzle) 
with the following results' overall: 22 percent of the students 
were *'late formal," 27 percent "ej^arly formal," 22 percent transi- 
tional ^nd 29 percent concrete; significant corifeiations were 
found -between proportional reasoning in chemistry and achievement 
in chemistry. 

The authors report that instruction in propottiohal reasoning in 
chemistry did not appear to enhance students* general proportional 
reasoning. This point will be reintroduced in the section entitled 
BXPERIMENTAL STUDIES; but it is worth noting here that their result 
appears to conflict with a conclusion of Karplus, et al. "..*it 
appears from the small but significant cbuntry--to-coun try differences 
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that teaching can have some. Influence on the development of reason- 
ing by th-e. stv^dents in the age rang6 beingj invesitigated iiere (ages 
13-15 years)'^ (1977, 416). We interpret Wheeler* and Kass' 
statemeiif to reflect short training periods in propprtional reason- 

Dunlop and Fazio (1977) compared stndents' preferences Iri solving 
' thr«e problems wlthin^a Piagetian setting. Students' preferences 
for solving a hypothetical model may quickly Change yhen the problem 
is real. According to Dunlop and Fazio, on. tasks involving, fossil 
identification and electrical circuits, students shifted from the 
concrete node to the abstrj^t; on a balance problem, students 
shifted preference from ^ abstract mode to the concrete. • 

Two surveys dealt With cognitive, processes that differ from those 
described in Tiagetian surveys* Both'rlooked at ways students solved 
problems in science and are discussed below. 

Gougli (1977) studied the responses of adolescetits as ??iey solved 
multiple-choice and essay problems in biology. She found that 
students used the same processes — analysis and hypothesis formation 
— to solve both kinds of probleiis; but in the solution of essay 
problems, these processes increased along with inferences 'and 
observation of problem data and differences. By comparing the 
processes used by successful and unsuccessful problem-solvers, Gough 
found that wrong solutions in multiple-choice problems were charac- 
terized by increases in concern over knowledge possessed for taultipl< 
choice problems. Wrong solutions for essay problems Revealed 
students' increased hypothesis-generation and reduction in obser- 
vation of , differences, 

A major contribution of Cough's study, beyond the data themselves 
whlcK were g*enerat'ed by visually impaired adolescents, is the tech- 
nique employed* Gough taperecorded students' verbalized thpught 
processes and ^analyzed protocols usine a classification code which 
was developed for the dissertatioU. " Ihis technique and code may 
be useful to others and could be standardized. 

The final survey in this section was conducted by Squires (1977) 
and reports nO cc^rrelatiori between gender*.and cognitive styles in 
solving "releSseci^' National Assessment test items. ' It is important 
to look at the items 'to see if they are physical or biological 
science, ^iiyinterpretittg Squires' study. 

Do students who major in science differ from those who choose other 
majors? , . ' 

This question and others similar to It, which relate to academic 
Counseling, for students, have been of great interest for some time. 
A ^number of jstudies dealt with this Issue in 1977. One is reported 
here^c^and others are reported elsewhere (Surveys about Teachers). 
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To look for differences between stydeuts who chos6 's^ien^ie as *a major 
and those who did not, Ben-Zvi et al. (1977) tested 233 tenth grade 
chemistry Students from- f ive/Israeli Tiigh schools. "Recording to 
the prevailing educ|tional system in Israel, all tenth-grade' students 
Study chemistry together, and -are. then, for"'the eleventh and , twelfth 
grades, divided into science and humanities majors"- (p. 434). Per- 
formance and attitude scores were compared lit (1) I.Q., (2) achieve- 
ment in science, -(3) problem- solving abilit/, (4) manipulative skills, 
(5) observational skills; and (6) science interest an^ attitudes* 
The results of. the survey indicated that . students who\ chose science 
as a major attained'^higher scores in the cognitive area; I.Q. and 
two achievement tests loaded highly .on this 'factor. When it came 
to practical abilities — tests of problem-solving ability ,* observa- 
tion skills, manipulative skills — arid attittxdes and interest in 
science, there were no significant differences between the two popu- 
lations. Teachers* assessments of students* performai).ce in chemistry 
were bjsed on cognitive tests only. 

Before readers simply say "So what?" two points deserve to be con- ^ 
sidered. First, there is the question of teaching "required" science 
classes to non-science majors^ The results of this study suggest <* 
that interest, problem-solving, observation and manipulation go 
well together. If the latter .three, called the "practical domain" 
by , the authots,, had been eliminated from the Israeli chemistry 
classes, ^leaving only the cognitive domain of the course, one sus- J 
pects the non-majors would have experienced less success and could 
have left tenth grade with a negative attitude towarcf science. That 
may be ah important fact to keep in mind when one begins to compute* 
the cost of improving the attitudes toward science held by the" ; 
general adult population. Secondly, readers should recall this 
stAidy when they refer back to the. survey conducted by Wheeler and * 
Kass (p. 17). , , ' . ; 

What are some invisible barriers to success in science ? 

J 

A list of fac?1|jrs comes to the minds of high schopi and college 
fadulty: math, reading, logical reasoning, perhaps self-concept 
(also see Surveys about College Students) . Should we expect some 
differences in barriers between high school and college students? 

Reading ability is at least one barrier, according to Keenan's study 
(1977): tenth grade science students must be able to read at the 
twelfth grade level if they are to successfully answer 75 percent 
of the comprehension questions at an independent reading level. ^ 

This question pf barriers takes on additional meaning when we ^ 
consider the fact that modes of instruction are changing and, ^. 
present new requirements of students. For example, as one 
minority student recently said, "Just when I figured out how to * 
study for science (the tr'aditlonal lecture/lab model), they change * 
therulesl*^ 'She found herself faced with new requirements in*a 
self-^lr^cted learning lab in science. , . 




Sheehan and Hambleton (1977a) provide a clue about som^ of the diffi 
culties students have to overcome in individualized^^ience courses. 
While th^ir ' survey focused' on predicting final gra<fes in individual- 
ized* classes, the data answer the larger question about succeeding * 
in science. Four variables are identified as predictors of final 
grades: succe5;5 in math and science achievement on standardized 
tests, Inductive r^easoning,- study habits and attitudes. 

In Great Britain faculty are faced .with a problem of transition;^ 
students who have learned material incorrectly or misunderstood 
it in (high) school have special difficulty at the university level 
trying to unlearn topics^ ' Furniss and Parsonage (19*77) discuss 
possible origins and sol-utions of this difficulty. Other surveys 
related to achievement of high school students are reported by 
•Locke (1977) and Preece (1976).; 

Do changes in interest levels cause changes in achievement levels 
or vice versa ? 

To address this interesting problem, Eisenhardt (1977) analyzed, 
measures of interest and achievement scores for 71,701 pupils from 
four academic ar^a$: science, mathematics, Social science and 
English. Sixth^ through ninth or sixrh through eleventh graders 
were tested over a two-year interval using the Scholastic Testing 
Service Educational Development Series <EDS). 

Th4 findings suggest that the predominant causal sequence ' 
/is from changes inr achievement levels causing changes in 
interest levels across all sample groups in- each of the 
four academic areas... more often than changes in interests 
cause changes in achievement (p. 4225-A). ^ 

As we. see it, there are a number 'of important implications related 
to Eisenhardt 's findings. . We shall discuss them at length after 
introducing studies by Sayavedra, Heiting, Adkins and Orgren*, and 
under CONCLUSIONS. 



How is the classroom learning environment related to students* 
attitudes? 

To answer this thoughtful question, Manley (1977) studied 80 'fehemis- 
try classes in New England; all were using the same curriculum, ^ 
Interdisciplinary Approaches to Chemistry . By administering the- 
Student Opinion Survey in Chemistry (SOSC) to assess attitudes and*^ 
the Learning Environment Inventory (LEI) to assess students' percep- 
tions of a wide range of ""instructional and social cues in the 
classrbom, lianley used a two-group discriminant analysis to test 
•for overall significant differences in the learning environments^ 
Univariate F statistics were. used to examine specific LEI differ- 
ences betVeen the first and fourth quart ile groups from SOSC. 



Several impdrtant differences were found in the learning environments 
of students having positive or negative attitudes about chemistry. 
Students who' had the mos.t»^ positive attitudes viewed tfteir classes 
as (1) being significantly less difficult, (2) having a. slower rate 
.of progress^. (3) having a better physical environment, (4) being 
more .goal-dfrected, (5) and having less favoritism, 

^-There are a number of iniportatit implications of Manley's study. Most 
of the^e will be discussed in the CONCLUSIONS section as we look 
at the broad pictur^* However, it Is worth noting here. that * ^ 

Manley's rfesearch technique Is worth , replication. He has isolated 
au attitude target (positive attitudes in chemistry) and described 
the characteristic surroundings • It- is an elementary rule of 
research that one describes the target before trying to change it; 
but we found very few attitude studies of this kind. 



How are successful and unsuccessful science students different ? 

In this section we enlarge on a question we poged earlier, Ogden 
and Brewster (1977) conducted an in-depth search for differences 
between successful and unsuccessful science students ^nd portray 
a picture which migjit surprise science teachers. 

The major elements of successful (upper 25 percent) ecience students 
in a Texas population included: (1) ability to gain meaning through 
senses, (2) enjoy the beauty an idea or object, (3) commitment to 
a set of values or Igroup of principles, C^) ability to judge correct 
physical* and social distances to maintain relationships with another 
person, (5) personal knowledge of oneself and influence by family 
members, j;6) categorlcalv reasoning,- ^.T^-^ceasoning which utilizes 
magnitude, difference and relationships in reaching conclusions, and 
(8) behaving according to time expectations. 

Minor elements which characterized differences in unsuccessful science 
students (lower' quartile) were: (1) the ability to find meaning in 
terms of numerica^^i^vmbols and words, (2) deductive reasoning, andr (3) 
reas'oning that "uses logical proofs. \ 

These elements, which the authors call cognitive style, suggest a seK 
of charact'erlstics that most teachers might expect from the top 25 ^ 
percent of their students. An impoi'tant question to ask iswheth^ 
these elements fall along social, economic,, or cultdral-ethnlc line^ 
and are learned elsewhere. If. so, they may represent a barrier to 
science, as well# --^--^ 

" lilhat goveVns students' choices of clas^€^ ? 

Keys and Ormerod (1976) found that factors other than persbnal pre- 
ference influence ^tudents* choice^ of secondary science courses. 
Both boys and girls who "disliked" a particular science course were 
found to take the course anyway, and girls who "liked". a science 
course' (either physics or chemistry) were found often to drop the class. 



Hofstein et al. (1977a) also surveyed students in secondary science 
dburses of schools in Israel to investigate factors affecting stu- 
dents.' choices of academic orientations. Selection of a physical 
sci^de stream was found to be related to socioeconomic background. 

Among 300 high school freshmen of an eastern seaboard city, Taylor 
(1977) found that black students identified as science .magnet stu- 
dents were significantly /more often influenced by t-eachers,. family 
and avocationai interests than non-specializeci students. '-^ 

Pell <lSf77) destrifee^ the results of an attitude survey of physics 
students in Great 'Britain, from an attempt to identify factors 
responsible for the low enrollments in science classes. This may 
also be of interest to those' in career planning. 



How effective are work-study programs? ^'j. 

Follow-up studies are often frustrating to conduct because of popular 
tion dispersion rates. However, Eisenberg (1977) - received responses 
from. 84 percent of the students who had participated in a Chemistry 
Study Skills program. In this dissertation, Eisenberg describes the 
successiof the program as measured by factors such as job placement 
after school, length of time in iobs, and acceptance of subsidized 
continuation of education. * 

Other attitude surveys addressed specif ^l!^^subj ects (Hofstein et al., 
1977a), programs (flills and Eubanks, 1977), science activities 
(Bottomley and Ormerod, 1977), or cognitive preferences (Lunetta 
and Tamir, 1977) . ' - ^ ' ^ 

Finally, Slater (1977) describes factors related to crl^ativity, and 
Evans (1977) describes the development of an attitude questionnaire. 

College Students 

Looking T)ack over the past five years, we see how few surveys have 
been qonducted among' post secondary students. Perhaps no other 
student population is so diverse in terms of age, academic prepara- 
tion or social-economic resources and expectations.. "Khat kinds of 
Information would be useful to have from surveys that pertain to 
College students and our resporfsibilities to them as advisors and 
teachers? Perhaps we should give it some thought. In this section 
we begin by looking at the development of logical abstract reasbn- 
*ing among college students. And we return to a question we asked*, 
at the ^secondaxy level. 



Are logical reasoning abilities and reading abilities related at 

the college levels ' f 

' ' / * — — 

Hargrove (1977) found that among college students from introductory 
biology courses, logical reasoning ability (Combinatorial Chera-Task; 
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Proportionality Balance Task, and Paper Clip Ratio Task) and reading 
comprehension (CXoze Test I, II, III; Davis Reading Test) in science 
and non-science ar^as were positively correlated* 

Using passage?, ^selected at the eleventh gVade lev^l of difficulty, 
Hargrove concluded that the logical complexity of the written *pass- 
age*s is not being measured by readability formulas. Here again, 
we refer readers b^ck to studies by Raven and Thongprasert (Elemen- 
tary) and Harkabus (Secondary). During 1977, the question continued 
to be asked: 



What factors are correlated with success in college and university 
science an^' engineering courses ? 

' . / 

The doctoral* dissertations of Demas (1977), Kalmbach (1977), Schex- 
nayder (1977), and Thomas (1977) report findings comparable to those 
surveyed in last year's annual review (Renner, et al., 1976, pp. 110- 
111); that is, standardized ^est scores such, as ACT and SAT and pre- 
crfllege preparation such as the number of high schoal science courses 
taken and grades earned in high school science courses are still the 
best predictors of success in college science courses. Individual 
researchers fotind additional factors relating to success in their 
imiversfty *s courses, depending upon the populations sampled. Others 
have reversed the question: 



What predicts failure in> college physics ? 

Hudson and Mclijtire (1977) provide a test and clue. Scores on a 
mathematics pretest that they are willing to share are a better pre- 
dictor of failure than a predictor of success, "...mathematical' f 
skills alone are not sufficient to guarantee success in physics, 
but ... unless the student has the mathematical skills, ... perfor- 
mance in physics will be poor" (p. 470). 



What factors lead black students to choose the field of science as 
a career? • > , ^ 

Opokii-Agyeman (1977) surveyed black students who attended either pre- 
dpminantly, black or predominantly white four-.year institutions and n 
had registered as science majors. Through questionnaires and inter^ 
views Opoku-Agyeman found that the following factors were related to 
a science career choi'qe: (1) socioeconomic status, (2) contact with 
. scientists, ^^speoially science teachers, (3) secondary school prepar- 
ation, (4) academic achievement in secondary school science courses, 
(5) to a X^sser degree, school-related extrarcurricular science 
activities, (6) non-school*-related events and experiences related 
to^ science^ (7) achievement in coll/age science courses, (8) age of 
stimulation, of interests in science, and (9) 'attitudes of teachers 
and students. - ^ ' 
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In seeking to identify salient factors affectiog black students* 
^choice' of a science ||^reer>V this study has provided data relevant 
*to administrators,* teachers, academic counselors, science founda- 
tions and organizatiojis, parents and students, which can serve as 
a basis fot each to more meaningfully participate in the develop- 
ment of more black scientists. ^ 



What factors mitigate against participation and achievem'ent of 
Blacks in science ? 

Dillon and James (1977) designed a survey to compare attitudes and 
perceptions of black science majors and non-majors. They concluded 
that high school science courses "have a lasting impact on attitudes 
toward science," while a similar influence of college science 
courses is absent. The, authors plead for deliberate and organized 
efforts' to enrich high school* science curriculum so that black 
students may become more aware of career opportunities in science 
as well as the achievements of black scientists. They urge that 
"•••no students* e:q)erience in science courses should leave them 
feeling incapable of coping with problems in daily life that require 
some basic knowledge or skill related to science" (p. 600). 

Why do college students switch majors from natural science (biology, 
' chemistry, physics, etc.). to other majorg ? 

R. ^G.^ Brown (1977) found that the reasons most frequently given by 
students (N = 219) from six predominantly black colleges and univer- * 
sities were: (1) teaching methodology, (2) lack of awareness about 
career opportunities, (3) course difficulty, (4) dullness of courses. 
The professors (N = 150) who taught the courses in these six institu- 
tions ranked differently the reasons why students in the study 
changed majors, and strongly disagreed with the students' tanking of 
the four mosyt important influential factors. 

Five other purveys among college students were conducted. Stocker^ 

(1976) reports a before-and-after study of students' attitudes in 
an introductory college physics class; and Preiss (1977), Krienke 

(1977) , Harvey (1977), and Feiker (1977) 'describe the results oft 
survey^ related to^ programs for anatomy-physiology students, chemi- 
cal technicians, nurses, and dentists, respectively, in their 
doctoral dissertations. 

What is effective teaching? 

J* A. Ruph (1977) reports general agreement between students and"^^ . 
facility as* to; what constitutes effective teaching in engine^ing 
courses where; lecture /lab is the instructional model. As readers 
^might expect'i quality of lectures and technical competence of l^b 
Instructors vere ranked raos^t important by .both students and faculty. 
Th^e va$ complete ag.re^ment Qii the importance of student interest.: 
ranked second, in importance in lectures, third in importance in 
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lab6 (following second place quality and availability of lab equip- 
ment)* Students placed more importance on printed materials (texts, 
handouts, outlines) than did faculty, while 'faculty consistently 
viewed a '^/ell-def ined grading policy" as a more important factor 
in effective teaching than students viewed this factor* 



Is moral reasoning related to choice of academic major ? ' ^ 

We also l^rned from Lockley (1977) that there is no significant 
relationship between Rutgers students* level -of moral reasoning 
(measured by James Rest's Defining Issues Test) and their area* 
of academic specialization (majors in natural sciences and humani- 
ties). In this dissertation Lockley explored a number of other 
interesting relationships between levels, of moral reasoning, 
clioice of terminal and instrumental values (Rokeach Value Survey), 
and student characteristics • 



Teachers and Others 

What has been learned about teachers from surveys in 1977? Several 
interesting pieces of information which pertain to tochers' atti- 
tudes and perceptions, behavior and cognitive development. This 
section also includes the results of a limited number of surveys 
pertaining to science supervisors .^d scientists. We begin this 
section by looking at surveys that reveal something about the 
attitudes and perceptions of teachers. 



Do science teachers treat high- and low-potential students equally ? 

After I^senthal and Jacobson wrote Pygmalion in the Classroom (1968), 
there was little. doubt in most of our minds that somewhere teachers 
were capable of treating students differently according to their 
expectations of each pupil's potential. Assuming that teachers 
today are aware of the Pygmalipn Effect, it seems unnecessary to 
ask the question above. However, Sayavedra (1977) observed 20 
higti school physical science teachers (10 Mexican American, 10 
Anglo American), and found that pupils for whom the teachers had 
high e3!:pec tat ions received significantly more teacfier-pupil contacts 
than did pupils for whom teachers had low expectations. 

Early in the semester, .the teachers were asked to rank pupils in 
their classes in order pf expected achievement in physical science. 
Two trained, observers used the Brophy and Good Observation System 
to observe in each' classroom for six randomly spaced 60-minute , 
periods. 

JThe investigation revealed that Mexican American pupils, generally 
received fewer teacher contacts from both Anglo American an^ 
Mexican American teachers than did their Anglo American peers. 
While Mexican American teachers held higher expec^tatfions ' for Anglo 




American pupils, they still provided inore teacher-pupil contacts 
for Mexican American pupils than Anglo teachers provided Mexican 
American pupils. 

While it is common for teachers to differentiate among students for 
instructional purposes, many teachers assume .that they treat 
pxipils more or less equally, at least in terms of contacts ini- 
tiated. Apparently, they do not always. An interesting addition 
to Sayavedra's survey would have been to administer a selfr 
perception inventory to the teachers.' We look at another study 
to consider teacher perceptions. 

Do teachers and students share coTmmnjperceptions of their class- 
Toom interactions? 

By administering the Relationship Inventory (RI), Heiting (1977) 
found . that there was a significant difference between secondary 
science teachers* perceptions of ^heir interactions with their 
students (N = 56) and those of their students (N = 1300 in grades 
7~12) . In this dissertation Heiting describes the nature of 'these 
differences in percept ioni and demonstrates that the discrepancies 
between teachers* and pupils* perceptions appear to be independent 
of class size, class racial composition and ediicational level. 

Do teachers and students share common perceptions about their 
science program? 

Oriedo (1977) administered two versiojis of the Science Classroom 
Survey (jBStionnaire (SCSQ: one for teachers, the other for 
studente) to 29 u&ified science teachers and their 628 students. 
Oriedo found no sijgnificant relationship between students' and 
teachers' perceptions of the implementation of the unified science 
gtiidelines. If teachers and pupils do not share common views of 
their programs, then one might ask: 



Do teachers and school counselors view science courses the same? 

According to Wolff (1977), high school science teacfiers (N=*51) and 
school counselors (N=35) of Omaha, Nebraska, did not agree on 
several key aspects of science instruction. Science teachers 
tended to think of science courses as unique 'in the cqrriculu^ 
and more difficxilt than other courses while counselors did not* 
One tjonders if the perceptions of non— science 'teachers would 
differ in this regard! Science teachers, le^'s than counselors, 
tended to stereotype science students • On the other hand, .science , 
teachers and cotmselors were in agreement about goals and outcomes 
of science instruct ion, laboratory work, prerequisites. On the 
whole, Wolff concludes they shared more attitudes and perceptions 
about science than they lound themselves in disagreement. 




Do high school "scienge t%acher^^ grade more '^^severely than their non- 
science teaching colleagues? Ar^>la.ience class enrollinents cotre- 

lated to teachers . practices in. jyafeng? ] ' 

* - , *. 

To answer these questions, Adkins (1977) analyzed data from high 
si<:ho61 science students (N = 1890) enrolled in first year biology^ 
chemistry and physics classes -and from the 31 teachers of these 
courses in a Midwestern county school system. By comparing the 
final grades students received in science to the grades they 
received in their non-science courses, a measure of ease-of -grading 
tes developed and subsequently compared with enrollment data for 
advanced science courses tau^t by the same teach^^rs-^o taugl^t 
the first y^ar courses. Adkins found that ,6cience teachers were 
more severe graders than were their non-science teaching colleagues, 
and that enrollment in subsequent science cd\irses was positively 
correlated to ease-of-grading in initial science classes. "The 
more severe grading teachers discouraged students from selecting 
furtier science courses" (p. 63B^-rA) . 

A number of interesting questions come to mind as a result of 
Adkins' survey. First, it would be helpful to know whether these 
same teachers would describe their rationale of philosophy for 
grading in connection with expectations of neighboring colleges, 
universities or national standards. Second, we might conjecture 
that severity in grading is positively correlated with the degree 
of structure controlled by the teacher rather than by the students. 
We make this conjecture based on the assxiinption that increased 
structinre increases specificity of expected outcomes. Finally, 
to connect Adkinsr* survey findings with those of Wolff, we might 
speculate as to whether teachers who view science as unique, more 
difficult than the rest of the high school curriculum, and as 
attracting certain, kinds of students, might not also fulfill 
their own prophecy by grading more severely and thereby limiting 
enrollments in future courses. These ques^i&ns about teachers' 
perceptions and behavior lead us to think /about underlying atti- 
tudes . j 

Does the use of curriculum change teachers' attitudes toward inquiry? 

Lazarowitz (1976) wanted to know If theire was a correlation between 
the nimiber of years that new inquiry-oriented programs (such as 
NBSCS> PSSC, HPP, Chem Study, CBA and ESCP) have been used, and the * 
attitudes of teachers toward the inquiry approach. When 508 
jtmlor high and high school teachers of iarth science, life science, 
bloiog^, chemistry and physics responded ta the Inquiry Science 
Teaching Strategies instrument (ISTS)'and a -Personal Data Form 
(PDF),^he r^ults of the survey showed that teachers who used 
the abovi^oeiitloned programs had more favorable attitudes toward 
inquiry than had those Lacarowitz termed as "Ronusers." However, 
the author cautions, neither the use of these programs nor the ' 
length of time they are tised assure ^proper interpretation of the 
inquiry approach. "The results suggest that teachers need more 
training la specific competencies of elements of Inquiry..." (p* 552) 



and that the ISTS instrinnent can be used as a diagnostic tool. 
Lazarawitz^ study will be discussed later as it relates tp an 
Investigation by Orgren. 



(i Bov are self-concept > attitude toward science and achievement 
related ?' 

To answer this 'question, Campbell and Martinez- Perez (1977) admin- 
* istered three tests at the conclusion of a one-quarter elementary 
science education course designed to help teachers implement science 
•process skills atjd develop positive attitudes toward science. Tests 
included Moore and Sutman^s Scientific Attitude Inventory (SAX), 
Campbell's Basic Science Process Skills (BSPS) and integrated 
Science Process ^ills (ISPS), and Fitts* Tennessee Self-Concept 
Scale (TSCS) . Significant positive correlations were found between 
teachers' achievement scores. and their attitude and self-concept 
scores, but only self-concept was found to predict achievement. 
When we 'consider the positive correlation between self-concept, 
achievement and attitudes toward science, we may wonder: 

•< 

What are the career implications for elementary teachers ? 

Earl, and Winklejohn (1977) administered MDore's Science Teaching 
Attitude Scales (STAS) and found that the major difference in atti- 
ttide between those elementary teachers (N=52) who became team/ 
^ cooperative teaching science specialists and those who taught 
(science) in self-contained classrooms (N = 49) was a difference 
In attitude toward teaching science but not a difference in 
attitude toward science per se. 



Can use of a mandated curriciilum change teachers* behavior? 

Orgreri (1977) reports that the 1970 Revised Version of the New 
York State. Regents Earth Science Syllabus (RRESS), which is simi- 
lar to the nationally developed Earth Science Curriculum Project 
(SCP), yas mandated for use in New York in 1971 and has. had an 
Important and significant Iqng-term effect on the teaching 
behavior of the teachers involved. In this expertly designed 
n study, Orgren compares those teachers mandated to adopt the new 
syllabus in 1971 (Experimentals) with those teachers who voluu- ^ 
teered to begin teaching the new syllabus in 1970 (Controls). A 
catefully constructed" and validated test. Earth Science Classroom 
Activity Checklist (ESCAC), was administered '^before and after** 
the mandated change. A- t-test was then used to estimate* the 
likellliood that the 1971-75 ESCAC score gains by the experimental 
group— -relative ^to the control group — could have occurred by 
chance. * Othier relevant statistical tests were, also applied and 
discussed « 
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The results of Orgren^s sutvey demonstrate that teachers who adopted 
the new curriculum under mandate changed their teaching behaviors in 
the direction advocated byitjie new curriculum* "After four years' 
experience with the new materials, they continue to employ the new 
[student activity oriented, investigatory-approach] behaviors" (p. 424). 
These results should be of interest to curriculum developers as well 
as science teacher educators. , - * 

• It is tempting to believe that a curriculum alone can change 
teachers' behaviors; at the same time, we might give careful 
thought to the simultaneous requirement of the New York Regents 
exam, based on the new syllabus, and its potential for changing 
teaching behaviors. The changes Orgren reports are impressive 
whether the mandated curriculum alone or along with the simultaneous 
requirement of the Regents exam, accounts for the change. As we 
reflect back on Lazarowitz' survey of changes in Texas teachers' 
attitudes due to use of similar inquiry-oriented curricula^, the 
prospects are encouraging. 

Nimcoer (1977) found that elementary scienqe teachers- surveyed in 
South Dakota, Iowa, Nebraska and Minnesota expressed a signifi- 
cantly higher degree of satisfaction using NSF curricula than did 
their teaching peers who used non-NSF curricula. 

A number of other surveys relate to teachers' objectives, compe- 
tencies and abilities. 



Can teachers agree on teaching objectives ? 

Whittaker (1976) listed ten science. objectives from which primary 
teachers selecteci the six most important to teach, and differen- 
tiated between two clusters of teachers:^ those who preferred 
objectives involving active student exploration, and those who pre- 
ferred objectives involving orderly critical handling of informa- 
tion. R. E. Rowe (1977) reported divergent opinions about the 
desirability and feasibility of science teaching objectives among 
Wisconsin middle grade teachers. 

In an interesting survey by Wilson (1977), 19% Scottish secondary 
physics teachers report their (1) aims of practical wofk, (2) types 
of practical work undertaken, (3) methods of organizing work, (4) 
reasons for science demonstrations, (5) p re-experiment instruc- 
tional techniques, and (^) methods of recording work. 

«. 

What competencies do science teachers need most? 

*^Stalling8 (l977) descriljes a study 'of practitioners' ideas on pre- 
servlce competencies needed for high school biolog;^ teachers. And 
Onylke (1977) reports a survey of the competencies desirable for 
secondary school science teachers in Nigeria, with carefully "drawn 
implications for teacher education. 
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* Are elementary preservlce teachers thinking inore logically ? 



Joyce (1977) and Hiindero' (1977) administered Piagetian tasks to 
prospective elementary teachers. Joyce reports surprisingly high > 
percentages of elementary education students (UniversjLty of Northern 
Colorado) in the upper rangei 26 percent "very formal" or success- 
ful oti all five tasks^ 52 pe-^cent formal, or successful on four of 
five tasks> 15 percent trs^itional, three of five tasks and 8 per- , 
cent concrete. 

It }s not difficult to guess from Joyce's use of the term "very 
formal" that it refers to what Piaget calls stage III-B; but it 
is less cleat how Joyce has concluded that the.Karplus Ratio Task 
(Mr. Tall and Mr. Short) has greater intrinsic cu)mplexity thaa has 
the Equal Arm Balance Task. , 

Ehindero collected data from 44 prospective elementary teachers and 
found 68 percent exhibited formal thought on five Piagetian paper- 
and-pencil tasks* He also reported significant relationships 
(p<.01) between scores on Piagetian tasks and STEP-SCI (Sequential 
Test of Educational Progress), SCI-PROD (Science Product), and 
SAT-Q (Scholastic Aptitude Test, Quantitative), but no significant 
relationship between Piagetian scores and ATS (Attitu^ie Toward 
Science) or ATST (Attitude Toward Science Teaching). This latter 
result is interesting and will be discussed later. 

Carter (1977) wanted to know more about- the kinds of teachers who 
have the greatest number of misconceptions about science. Among 
401 elementary teachers in West* Virginia, women teachers held more 
misconceptions than did men teachers, rural teachers held more mis- 
conceptions accepted by teachers of grades one through six varied 
inversely with the grade level of their teaching assignment. 
Carter notes that the number of misconceptions Keld by-^ these West 
Virginia teachers was found to be independent of their level of 
education, institutional affiliation (private or public), or number 
of years of teaching experience. The results of this doctoral 
dissertation might be compared with those of research on scien- 
tific literacy or with Piagetian research on teachers. R. E. Rowe 
(1977) also found that middle grade teachers (N = 50) of Wisconsin 
held vi6ws of scientific laws and theories that were frequently 
contradictory and philosophically Inconsistent. 

Other studies which dealt with^ teachers * abilities, frames of 
reference and perceptions were^ conducted •by Preece (1976), 
Kaikumba (1977), J'razier (1977), Calcote (1977), and Tamif (1976). 

Still other surveys dealt with curriculum or training. Carter 
(1977) reported a survey on the use of the Nuffield Combined 
Science program; Colglazier (1976) reported on the impact of 
participation in. NSF-sponsote^ teacher education programs in 
Itidiana; Mason (1977) reported a survey of Earth Science classes 
' ±ti secondary schools of Virginia; and Kagan and Tamir (1977) sur- 
^^eyed the participation oi secondary school mathematics and science 
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teachers In in-service training activities in Israel. Three surveys 
were conducted which pertained to science supervision (Ritz and 
FelSen, EXlis, Ortiz Plata). ^ 

. ■• ' ' / ■ 

•What does a science supervisor do during a typical work week? 

In a sxarvey conducted in New York State, Ritz and Felsen (1976) 
asked this question and found that, five activities were most likely 
to occur: consulting with teachers, teaching of pupils, curriculum 
activities, activities related to supplies/equipment, and evaluation 
Qf teachers. Ellis (1977) conducted a survey in Florid^ to deter- 
mine the status of science supervision and found that the percep- 
tions of Florida supervisors of science (N = 45) differed from 
Current research recommendations related to preparation programs. 
In Puerto Rico, Ortiz Plata (1977) asked what role expectations 
for science coordinators were held by four groups composed of (1). 
district superintendents, (2) principals, (3) teachers, and (4) 
science coordinators themselves. From 717 respondents, Ortiz Plata 
found some agreement among groups but the amount and degree of con- 
sensus varied. * 



Is the profile of the scientists changing ? 

This iii5)ortant question has not been answered by th^s year's surveys, 
but^ if a study reported here by Beane (1977) were to be replicated 
every fourth year ot so, we would be able to answer the question. 
In this dissertation, Beane reports the results of a survey of 103 
scientists and engineers as he studied the relationship between 
life history and personality variables in scientific attainments 

McCaiilley (1976) also described thfe characteristics of "science- 
miiided types" (Myers-Briggs Type Indicator), the frequency of 
these types that can be' expected to occur in high school students 
and teachers, and the implications for conveying information to 
the less science-minded public. 



Surveys About Elementary and Secondary 
Science Education Programs 

Three surveys of major significance were conducted in 1977 irith NSF 
sxipport* One of these studies will be reviewed here, since the 
report itself ras published in 1977; the other two, surveys were 
published early in 1^78 and will be reviewed next year. The latter 
two are mentioned here as a service to readers: (1) Final Report 
of the 1977 National Survey of Science, Mathematics and Social 
Studies Education , R. E. Stake and J. A. Easley,, Jr. ^ Both docu- 
ments are sevetal hundred pages and deserve careful study. . 

The fixst of this triad to.be published and described here was The 
Status 6f Pre-College Science^ tlathemattcs and Social Studies 
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Education;- 1955-X^75> Volume i; Science Education by S. L. Hfelgeson, 
P. Blosser, and R. W. Howe. 

The task that was undertaken was to characterize the Impact of- 20 
yeara of extensive federal, state and local funding, as well as 
extensive Involvement and activity by professional, governmental 
and conununlty personnel — all directed toward Improving science, 
mathematics and social studies education. The survey is archival 
in methodology, using the ERIC data base, 'Education Index , Reader's 
Guide to Periodical Literature ^ Dissertation Abstracts International . 
and books^ journals, files, reports and other pertinent written 
materials. 

* 

The findings are summarized in an Executive Report (six pages) and 
in a longer report (260 pages). The following .summary appears in 
the Executive Report ; . _ 

■ 3 

Findings; 

Selected summary statements are presented for each major 
section of the report. 



Practices and Procedures 

• Enrollments have been increasing but are beginning 
to decline, with elementary enrollments declining 
earlier than secondary. 

• The effect of enrollment change may be height-ened 
by emigration of students. 

• Just as increasing enrollments had an impact on 
schools, decreasing enrollments will impact on 

» schools, particularly financially. 

• Stated objectives for elementary school science have 
. not chapged significantly since 1955. 

• Objectives for secondary school appear to be in 
transition; the importance of science in the general 
education program is receiving less emphasis. 

• The percentage of students enrolled in science has 
increased until 1973-74 and since has remained rela- 
tively stable • . 

^ Class sizes have been reduced between 1955 and 1975.* 

• Perceived barriers to effective science teaching 
have not changed appreciably over the past 20 years. 
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• The individual classroom teacher is still the primary 
mode of instruction in most classrooms* Less than 

10 percent of the schools have used innovative prac- 
tices such as modular scheduling, television, or 
computer assisted instruction in any consistent manner* 

• Since 1955 there has been an increase in student- 
centered and hands-on instruction but a substantial 
percentage of students are not involved with suc]x 
procedures. 

• There are far more alternatives for instructional 
materials currently than in 1955 • Relatively few 

of these are designed for use in ,ari articulated pr>a- ^ 
' ,grain. 

• The variables for effective teaching are generally 
agreed upon and the most important, with the current 
mode of instruction, is the teacher. 

• About 50 percent of the students take no science 
after grade ten. 



Science Teacher Education 

• State certification criteria still do not reflect 
those proposed \by professional associations in that 
the prof essional"^rganizations call for an increase 

in science content; ' . . ' 

Over the years the guidelines, proposed by professional 
organizations have broadened their focus from science 
content to include such-^things as interpersonal rela- 
tions and ability to deal with societal problems. 
Guidelines related tp content areas are the most likely 
to be implemented, however. ^ ' * . 

• Pres erv ice pro grants^ iif science education reflect 
Increased field experiences and, in general. Increased 
time in the education component. 

• While NSF and OE did offer intensive institutes in 
the late 1960s and early 1970s, the majority of 
teachers currently teaching have not participated 
in these. ^ - 

• The bulk of the science instruction for the secondary 
program is in* the junior high school (nearly 50 per- ^ 
c^nt of the students take no science after tenth. 

, grade); this level has the teacher^ with the least 
adequate content preparation^ poorest facilities, and 
^^iewest certification programs available. 
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^ Even though more science is being taught at the . 
elementary level, elementary school teachers are 
most comfortable when science consultants are avaii- 
abl.e« 

•'Although secondary school sc,ience teachers are 
, cxirrantly younger '^u^ better educ,ated than in the * 
1950S*i there is still a critical need for inservice 
education,, both as perceived by the teachers and as 
indicated by research. . / 

• The average tenure , for teaching was about eight years 
'in theulate 1960s and„early 197Ds;'.it is currently 

,incr easing'. This has implicit ions for. ins^rVice 
- .educatiOTi since it appears* that the more recent 

graduate^ 'are those mdre* likely to go backk to school. 

There is critical need for preservifce and inservice 
science education to be viewed and dealt With as a 
continuous program rather than 'as discrete entities 
« handled by^rwo different sets of people. 

'•^Teachers are -oeing impacfted upon by the;press for 
accounfabilitjL the hatk tb basics mbvement and — 
textbook\,controversies, but these are rarely the 
kinds of issues\ dealt with in their preparation. 



Controlling, and Finaitcing Education 

• The influence of state governments on science 
education has increased markedly since 1955. 

« 

• There is extreme var^atiou in state coijtrol and 
influence, but regional patterns do exist.,' 

^ Some examples of areas lii which considerable state 
control i,s exeried are, school organizat^bii, school 
curriculxjm,^ teacher certification and financial . 
. support for 'schools. "Science educationuhas been 
Impacted both negatively and positively by state 
influences. ^ • . 

•.The percentage. o|-.financidl support for the schools 
from federal. and state sources has increased since 
1955; the percentage of financial support from local 
■ sources* has decreased since 1955. 

'• F^eral .Support for .science eliucation has declined 
since, the late 1960s. ^ 

• Since state su^yport tends^ to follow federal trends, 

^ state suppor-t for science education h^as ^also tfeclined 
and, is' likely^ to continue to'do so* - v 



Needs ^Assessment Efforts 



^ " • • The greatest single ne^d facing education is, an 
improved program of - financial support,'^ 

• There is increasing emphasis on basic skills; 

- N knowledge of science is rarely considered basic, 

V 

An, important and complex n^d is for equal educa- 
. tional opportunity. ^ ^ ^ ' ' 

• ' \' 

Pressure for accountability has increased markedly ^ ^ . / 

within the past ten years, - X'^"^ ^ ~ * / 

^ • ! . 

• Science education is rarely included in state needs 
jfstatements.. When it- is included, it increasingly 

- ^ • reflects concern for, life skills and work skills, 

K 

' • Nearly all' states have some form of accountability * 
05 assessment procedure* „ 

• The major objectives in science education have not 
changed markedly over the p^st 2ft years'^ The empha- • 
sis is beginnittg to shift at the secondary ^ 
school level. 

• Continuing research in science^ teacTiing^-le^ning 
is vitally^ needed. However, the results of that 

research which has already been done needs to be „ ■ ' 

better communicated and applied. ^ 

(Helgesoh^ Blosser and Howe, 1977) 

* A number of other surveys were conducted in 1977 and characterize 

science education in more specific ways: NSF programs^ academic ' 
disciplines or geographic ar^aas. Thfey .are presented below* accord*- 
* Ing to their target or sample fi;roups. 

r ' ■ ' - $ 

Horn ^6d Marsh (1976) surveyed six school districts scattered 
across 50" states to compile informatipii regarding th^e implemen- 
tation of NSF curricula* The results report data about school 
size, class size, instructional assistance, and dissemination/ 
implementation efforts. The major recommendations coming from ' . 

teachers were that iX) teachers should ^receive training in teach- 
ing strategies of the curriculum and (2) teachers* understanding 
of learning theories and intellectual development sliould be coupled 
with the implementation efforts. * \ 

Boroughs (1977) was also interested in the use, of NSF curricula 
and surveyed 602 elementary school printipal^ in t:he state of 
South Carolina^ Results of the survey indicated that 9. 3 'percent 
of the classes- in the schools of the respondents l|ad used NSF pro~ 
grams in their schools, '*NSF users/' rated the importance of 
science in the total curriculum significantly more important 
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than did "non-users," Yet Boroughs found no significant differenc 
in the annual per pupil e^enditusre for science between the two 
^oups* In a related study .Niimner (1977) reports on the effec- 
tiveness of mass^ media methods in disseminating information about 
NSF curricula to the general public and the school community, 

Streitberger (1977) reports the results of surveying university 
professors! opinions on the question, "IThat sliould we be teach- 
ing in high school chemistry?" Krieger (1977)' conducted a 

. slnflLlar study of chemistry requirements for allied health pro- 

^ grams. • 

Two. surveys on the status of public school science education in 
foreign Countries are reported by Igambi (1977) on Kenya and by 
Tongsookdee (1977) on Thailand. ^ 



Surveys About College Science Programs 

Among the ten surveys which characterize science teaching at the 
college/university level, several reflect national trends while 
others relate to local institutions. In the interest of brevity 
we must refer readers to these surveys by title only. 

Of national scope, surveys by Blatt (1977) report the status of 
college and university chemistry courses for non-science majors 
and by Hendrix (1977) report the status of bioethics courses, in 
universililes. McKnight (1977) describes the results of an 
investigation of major training factors in allied health programs 
in junior colleges, with particular reference to science-oriented 
experiences. Baker (1977) conducted a survey of the relationship 
between students, college physics course performance and high 
school preparation. Two other surveys of U.S. college programs 
are- reported, by DeShong (1977) on freshman engineering students 
-and by-D. I. Johnson (1977) on environmental education. 

' Readers interested in university' program^ in foreign countries 
will't^ant^fi^ read Terapigittra's thesis <1977) on the analysis 
of science preparation in an institution in Bangkok, Thailand 
and F. J. Thomas' (1977) study on the cultural relevance of 
science instructional materials in thfejPeople's Republic of 
China* These might be compared with the reports c)n science 
edutatlon from Soviet Education , a publication of'U.S.S.R. 
Several abstract§^ from 1977 issties of Soviet Education have 
been ^prepared by, Janice Cruz, Department of Teacher Education, 
California State University, at Hayward and appear in Appendix C. 
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EXPERIMENTAL RESEARCH 

Introduction 

• / 

In the preceding part we presented ex post facto and survey research 
in this part we discuss experimental studies. The .most important 
characteristic of experimental research, using Kerlinger's (1973) 
jlistinction, is control. The investigator has at the very least 
manipulative control of one active variable,' and if possible he can 
also exercise control b'y randomization through the assignment of 
subjects or treatments to groups randomly.. 

This part is divided into two sections: studies about students 
and studies about teachers. The studies reviewed in the first 
section. Students , are presented by grade levels: elementary, 
middle/junior high, secondary,' and college. As we. noted previously,* 
we are unaccustomed to organizing research by grade level but that 
organization has turned out to be an acceptable solution to a 

difficult problem. ' 

- t - 

The trend toward multivariate research makes it increasingly diffi-- 
cult to discuss outcomes ^in traditional categdjries like achievement, 
simply because multivariate research results aVe reported in terms 
of interactions among , many "dependent or outcome vajriabl'es. Thus, 
every multivariate study can be discussed" under any category^ for 
which it has results. This condition, mo^e than any other, led us 
to adopt grade levels as tfhe~mo'st stable, reporting category. 

' * * . • <^ ' « 

J* ' « 

To bring more meaning t<y the^results reported by grade level, we 
''Invented" qyestions which have some relevance, to classroom instruc- 
tion* Each que^ion is followed by a description of one or several 
studies^ No pretense or assumption is ^made that the studies answer 
the question posed, but they are offered as possible clues; 

Wherever possible, we have organized these questions within a " 
^framework of achievement, cognitive development,, attitudes and 
perceptibn, curriculum and fnstruct:|pn. MATRIX 2KrEXPERIMENTAt ^ 
RESEARCH is provided to help readers locate page numbers of dls- . 
cussions which relate to traditional areas of interest such as 
achievement, ^ ^ . 
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IIATRIX 2: EXPERIMENTAL RESEARCH ' . 
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Students 



Elementary School ' ' * 

We begin this section by looking at an instructional method that 
varies the degree of teacher structure. Then we discuss studies 
related to cognitive development and, finally, studies that relate 
to achievement. 



Hov does the degree of teacher structure affect pupils ? 

One of the major thrusts of experiments ,^ in 1977, related to 
elementary pupils had to do with the influence that varied amounts 
of teacher initiated, structure' in the classroom had on pupils' 
behaviors* In a nunber-of studies a single model developed by 
Matthews, Phillips and Good (1971) was used to measure quantita- 
tive changes in pupils* responses: the Teacher-Structured Learning 
In Science (TSLS) is contrasted with Student-Structured Learning in 
Science (SSLS); validity and reliability of the method have been 
• described ^earlier t,han 1977, ' r 

Another characteristic of these studies is that they simultaneously 
assess several dependent variables within a single experiment, fre- 
quently leading to the reporting of inixed effects,' The .array of 
student behaviors observed has 12 cognitive and affective outcomes. 

To generalize, most of these experiments show that student- 
strtictured learning Ih science promotes, for some pupils, greater 
achievement, problem solving abilities, motivation, , attitudes, 
confidence, sfelf-cpncepts, 'preference of structure, and indepen- 
dence: /Penick and Shymanslqr (1977), Good et al, ^(1976), Allen 
(1977), McKee (1977), Abhyankar (1977), Crocker et al, (1977), 
However, many of these show mixect results^ and interaction effects 
with differences between genders,' Piagetian, stages, ethnic groiips 
or other demographic variables (eg,, McKee)* Only one experiment^ 
Hill (1977), shows a total lack of impact. 5n creativity and self- 
perception in pupils* behavior by altering the degree of teacher 
structure, ^ . ^ 

Another approach to studying the effect that varied degrees of 
teacher-initiated structure has on children was conducted by 
Linn (1977). She reported that pupils who were given free choice 
in an enrichment program showed greater gains in logical/abstract 
reasoning when some direct instr^iiction was combined w^th free 
choice, 

A Anal study in this area was conducted by Sprague C1977). She ' 
reports^ that achievement was greater classes where pupils were 
instructed to talk .to, each other -or to the instructor during hands- 
on activities in science, than in classes where no instructions 
vere given regarding verbalization, interestingly, the gains in ' 



achievement showed up on the delayed-retention measure but ^ot the 
immediate*, retention test. This result (a delayed effect) will be 
reintroduced shortly. However, a final point of interest on 
— r^prague's study has to do with the outcome that was expected. We • 
wonder whether peer interaction might be expected to have an even 
greater effect on cognitive development than on Achievement. 

The point that .seems to be evident from this series of studies is 
that altering a single variable, in this case degree of teacher 
structure, does not produce a universally positive effect. >fost 
of these effects appear to benefit some children and no-t others; 
and there appears to be a cancellation of effects in some cases, 
\^ as indicated by statistical .interactJLon effects. 

On this point, Colin Power (1977) concluded after a recent criti- 
cal review of one decade of interaction studies, 

many researchers who believed in' the myth of uni- 
versally effective teacher behaviors 'have either ignored 
or misinterpreted the resiilts, or have left the field in 
search of new panaceas (p, 24). 

Attempting to understand the complexities and realities 
of classrooms is -a long and difficult task upon which 
we have barely begun (p. 25). 

No one knows better than those who conduct'ed the research cited 
hepre how complex it is to study classroom interactions. We shall 
discuss^.this point further in the CONCLUSIONS' section. 



Can cognitive conflict produce long-term gains? 

Previously, we noted in Sprague's study (1977) that peer inter- 
action produced delayed but not immediate achievement gains. 

« « 

In this regarii, J. K. Johnson (1977) assessed the effect of cogni- 
tive conflict training on fifth-graders' concept of conservation 
of area. Two -forms of coghitive conflict training were coii5)ared: 
peer interaction with conflict producing materials and arguments 
from their peers, and individual students using conflict producing 
materials without peer interaction. 

Johnson found that both conflict producing procedures resulted in 
cognitive growth (i*e., achievement of conservation) on immediate 
posttest scores of conseirvation;-' but dnly the peer interaction 
cognitive conflict training produced gains in delayed tests of 
conservation* 



What methods, sequences, programs, or activities produce the 
greatest achievement? 

A second m^jor thrust in experimental studies focused on achieve- 
ment among elementary school students. Again, we find conflicting 
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restilts among studies. If we look at teaching methods, we find that 
students learned as much in classrooms where indirect teaching 
strategies were used (lecture, discussion, questions) as with 
direct strategies (lecture only), according to Cottrill (1977) • 
Vhen Nevins (1977) altered the logical sequence of learning acti- 
vities- recommended by the science textbook publishers, she found 
no difference in achievement of concepts among third grade pupils • 

Yet we find that other teaching methods do produce greater achieve- 
ment* Wilson and Koran (1976) report that children who are asked 
to write their himches rather than read hunches about discrepant 
events learn more; and Ferraro et al, (1977) found that differ- 
ences in degree of structure of science materials (high/low) were 
related to rec^l for children, normal adolescents and mentally 
retarded adolescents. 

Comparisons of curricula, programs and activities were also con- 
ducted in an attempt to find that one which produced greatest 
achievement by Gla sser (1977) , Hoover (1977) , Vanek and Montean 
(1977). 

Middle School and Junior High School 

In this section, over 20 experimental studies pertaining to middle, 
school *and junior high school classrooms are discussed. , We begin 
with sfe^udies that relate to cognitive development and follow with 
studies on achievement and curriculum^ attitudes, instructional 
methods, and finally studies related to basic (3-R) skills, 
-i^lease see MATRIX 2: EXPERIMENTAL RESEARCH .for page references 
to those areas of special interest.) 



Can adolescents be trained to think more logically ? 

Two studies examined this o^^estion and results were reported indi-. 
eating a positive respons^ , * 

Howe and Mierzwa <1977) studied the effect of a series of six 
Instructional lessops on the capability of eighth grade] students 
to think logically on tasks requiring the control^ of variables. 
The lessons were presented^ over a time span of one month and 
the subjects were urban youth of low socioeconomic status (SES). 
The authors report that the lessons significantly increased the 
capability of logical thinking in these subjects and that the 
gain was retained over a six-week period. The lessons focused 
on the tise of cognitive conflicts and the concept of the con- 
trolled experiment". No claim is made that the subjects moved 
from one Eiagetian stage to another but only that the increased 
capability for logical thinking was demonstrated. 
> »-* 

Volipian and Lawson (1977) investigated the capahility of fifth and 
seventh graders from niiddl^ to upper-middle class suburban commun- 
ities ^^o contral variables. Most, of the subjects had demonstrated 
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a pTe-fornm^^cSpability in this regard. The subjecCs were grouped 
into foup^ev'elopmental levels on the basis of Jtour Piagetian con- 
servation tasks. Each subject was trained individually in three 
or f ouzT'^O-ininute sessions over a four-week period. The training 
sessions consisted of physical, graphic-verbal and pure verbal 
experiences. 

The authors reported that the experimental group significantly out- 
performed the control group on tasks which required the subjects 
to control variables. Differences were especially pronounced for 
the seventh graders. These studies indicate that specific train- 
ing in certain types of formal reasoning can improve students' 
performance on problems requiring such reasoning. 

Three studies CRyinan, Wright, Je'ddeloh) dealt with capabilities 
of subjects to use specific processes of science. Ryman (1977) 
.studied the effect of the Nuffield Project on the ability of 12 
year old subjects to classify living organisms. The author con- 
cluded that the 'Nuffield Method" was an important variable in 
subjects* achievements on classification tasks. Wright (1977) 
found no significant differetices between the mean scores of 
seventh graders on a measure of process skills for experimental 
(exposed to the Science Curriculum Improvement Study) and control 
groups. Jeddeloh (i977) studied the effect of student chosen > 
sequence of 20 lessons from the SCIS "E<Sosystems" unit as opposed 
to teacher sequenced lessons. No significant difference was found 
between groups and their ability to use science processes. Readers 
will recall that Nevins (1977) also found altering sequence did not 
affect achievement of third grade students. Jeddeloh also concluded 
that the students' selection of an activity as a motivator for learn 
ing and positive attitude toward science was not related. 

'Fisher (1977) and Perrin (1977) examined other variables and their ' 
effect on cognitive learning. Perrin studied the effect of audio- 
visual variables on cognitive learning and found that the subjects 
exposed to normal sound significantly outscored those subjects 
exposed to "compressed soimd." She also concluded that a larger 
.screen produced better cognitive learning only on a delayed post- 
t€tst. This latter finding may be linked to those reported by 
•Sprague (1977) and J. K. Johnson (1977). 



How successful are various science curricula in increasing student 
achievement? 

The largest category of research related to mj^ddle school and 
junior ^hlgh school students pertain^ to achievement. 

Studies by Mulcare (1977), Greene (1977), and Griffin (1976) focused 
on student achievement as related to various ^^spects of junior high 
school science curricula., Mulcare studied tK? outcomes of two 
science programs, "Interaction x)f Man and the ^Biosphere" and 
"Interaction of Matter, and Energy." Mulcare. reports that the 
introduction 6f these two programs had a negative effect on the 
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junior high subjects* raw scores for science achievement compared 
to similar scores for the four previous years. . Also, the curricula 
had no effect on the subjects' rating of science as a desirable 
career compared to the previous four, years* (The question of test 
validity is important here* We 1-earned from early assessments of 
CHEM study the importance of test selection and norm groups, 
especially in the assessment of achievement.) 

*Greens examined the effect of reading levels of the mbdified ISCS 
Level III Environmental Science (ES) materi"al'» The difference 
' of reading levels between the modified and original versions was 
not a factor in effecting the science achievement for the low- ' 
ability reading student using the ISCS materials. We are reminded 
Ixere again of Raven and Thongprasert 's study of the effect of con- 
ceptual complexity in reading materials. 

Griffin reported that Interrelated Explorations in Science (lES) 
appeared to have no significant effect on student'^achievement and 
only a partial effect on student attitudes. lES emphasizes the 
ideas, processes and values common to the scientific enterprise 
utilising independent study, .gaming and value clarification 
activities. ' 

Studies by Davies (1977), Jeddeloh (1977), and Meeks (1977) 
reported other -^additional variables which did not significantly 
Ixnpro^ science achievement. 

Davies studied the effect of student selected mini-courses in 
their science program compared to^ conventional non-elective 
science courses and reported* no significant differences in 
achievement between the two junior high subjects at different 
schools. Davies, also foimd no difference in the students* atti- 
tudes about science for these two methods of instruction. 
Jeddeloh reported finding^ which supported Davies' findings. 

Meeks studied the effect of embedded aids for subjects of tht^ 
reading levels. A specific cluster of vdLsual aids was embedded x 
in separate passage of a science textbook. An example of an \ 
embedd^ aid was an attention-heightening device. No signifi- 
cant differences were found between the three groups. The 
^question of crucial attributes for such embedded aids is, of 
cotirse, at stake here. ' . 

Gabel, and Herron (1977) and Rivers (1977) studied aspects of the 
ISCS curriculum. Gabel and Herron examined the effect of allow- 
ing students to pace themselves to achieve mastery learning 
versus the imposition of a deadline for completion of chapters 
ia.the ISCS materials. Over 1,000 stufjents were studied. It 
was concluded that students who work al^e had a higher learning 
rat^ than had those with partners and that no difference in " 
' leamljig rate occurred between students who wei:e self-paced 
and those who had deadlines. Retention sc>^res showed a signi- 
ficant difference favoring self-pacing.- 
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Wright (1977) studied the effect of SCIS materials on the process 
skills and attitudes of seventh grade students. No significant 
differences were found between the SCIS experimental and control 
(traditional textbook) groups using a measure of process skills. 
As we will note later, other research indicates that teachers 
mvst specifically teach process skills if they expect achievement 
of them. Wright also reports that controls showed significantly 
better attitudes. ' - 



Does dia^ostic testing promote greater science achievement for 
high school age students ? 

Two notable studies related diagnostic testing to achievement. 
Long et al, (1977) provided earth science teachers with performance 
objectives and diagnostic progress tests. Students were stratified 
on three levels of aptitude. Groups of students receiving diagnos- 
tic tests scored significantly higher than did control groups. 
A retention test, however, showed that^ initial difference measured 
were not retained after a two-month span. 

Catanzano and Wilson (1977) assigned three testing contingencies 
to seventh grade students: no retesting, optional retesting and 
mastery retesting. Optional retesting and mastery retesting 
were found better for achievement; optional retesting was better 
for attitudes. Treatment difference was not related to anxiety. 

Overall it would appear that some ongoing diagnostic testing will 
probably, improve students' achievement in science without decreas- 
ing student attitudes. 

Can choice of curriculum change students^ attitudes^ toward science ? 

A study ])y Fraser (1976) revealed that students who experience the 
Australian Science Education Project (ASEP) showed favorable changes 
in their attitudes about science classes.*^ 

Three similar studies are reported which examine the relationship 
between a student M choice or freedom and the student's attitude 
toward science. The results of* other studies on students' atti- 
tudes toward science have been included under other categories 
f see Burnet te (1977); Fraser (1976); Flowers (1977); Jeddeloh 
9.977); an.d Mulcare (1977)], 

Davies (1977). conpared an elecfcive'*mini-course science program 
with a conventional non-elective program and found no significant 
differences in student attitudes for the two programs. Gabel and 
Herron (1977) examined the difference in attitudes of students . 
who had studied ISCS with deadlines and those who were self-paced. 
•;No significant" difference was found in the two methods. The 
Studies of DavleS and Gabel and Herron tend to support one another 
and Indicate that student choice is not a variable related to 




student attitudes about science. In this regard, the research on 
.attitudes at middle school/junior high level is consistent with 
research we described earlier^ (Keys and Omerod, 1976) ♦ . 

Catanzanp and Wilson (1977), however, examined the effects of no 
retesting, optional retest-ing, and mastery retesting on seventh 
grade students atid found optional retesting to be better for 
attitude. The three treatments weje found not to related 
to student anxiety. 

Are some modes of instruction more desirable than others for 

adolesc ents? 
^ 

Previous reyiews 'of research have suggested that the search for 
a universally beneficial method is naive. Let us look at the 
research in this area for 1977. 

Raven, and Calvey (1977) investigated operative comprehension 
(Piaget) differences in students exposed to activity-oriented 
science programs and students exposed to textbook-oriented pro- 
grams. The results indicate that eighth grade students in the 
activity-oriented program achieved higher scores on operative 
comprehension items' than did the control group. No differences, 
however, were found for sixth grade students receiving the s^e 
treatment. The study utilized the Science — A Ptocess Approach 
(S-APA) materials. 

Flowers (1977) studied the effect of an individualized instruction 
based on programmed material comptared with' teacher-centered 
instruction and ^f ound favorable but not statistically signifi- 
cant results for the individualized approach. Yoder et al. (1977) 
examined the effect of sequencing in jiinior high science in the 
success of these students in high school biology. Students 
enrolled in a generalized science curriculum in grades sev^n 
through nirfe scored as well ot better than did those having a 
specialized life science course in grade seven. 

" - ' ' * ■' . 

Other approaches to scfience instruction in junior high were studied 
by Goodyear (1977) and G. Johnson (1977). ^ 

Goodyear' concluded that an open science classropm was more effec- 
tive in facilitating cognitive growth than was a. traditional science 
classroom. Johnson foOnd that a consist:eht mode of instruction (all 
outdoor or all indoor) produced higher achievement^ than did mixed 
modes of instruction. ,0n the su^-face this appears to contradict 
our common sensre which tells uS that occasional field trips can 
have a positive effect on early adolescent learning; however, "^on 
close examination, motivation, not 'achievement, might be the 
expected outcome for single or intermittent field trips. 

Additi9nal related studies by Eraser (1976); Gabel and Herron (1977), 
Rivers (197?) and Jeddeloh C1977),have been included in other cate- 
gories. - ^ 
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Can science Instruction linprove basic (3-R*s) skills ? 

A study by Rivers (1977) examined the association between the use 
"Of Individualized, self-paced 'science curriculum materials "of 
ISCS as a reading course and gains in reading comprehension and 
vacabulary skills of seventh grade students^ The study employed 
two control groups (traditional science and ISCS science) and one 
experimental group (ISCS-Reading Course), 

Teachers of the experimental group participated in a short workshop 
whjere they were given specific reading activities for students. 
Thes^e activities allowed informal assessment of student reading 
ability and vocabulary scores. Results showed a significant 
iii5)rovement in reading comprehension .and vocabulary for both 
ISCS classes compared to the control group. * Also students in 
the ISCS-reading classes made somewhat higher gain? than did those 
In ISCS-science classes. No differences in vocabulary were found 
among the ISCS groups. A significant finding of this study is 
that most of the difference of gains between groups occurred for 
the students reading below grade level. 



Summary • * ^ 

What have we learned froij. experimental studies involving early 
adolescents? It appears that early ad,olescence is a time when 
students' logical reasoning abilities can be enhanced by highly 
specific training"^ The data on achievement in traditional subject 
matter are mixed> showing^that some methods or curricula affect 
attitudes while, others do not. It appears that content achieve- 
ment for these students can be Improved by mastery learning 
techniques and diagnostic testing. However^ overall the search 
for a universal •mat hod for all students appears very naive. ^ 

There is a strong indication that increased complexity of science 
tasks may prove to be much more of h barrier to achievement than 
is the level of reading. The evidence indicates that the junior 
Mgh/middle school aged students a^e certainly^'at a crucial poiht 
in cognitive and affective development • 

Secondary School 

Thet experimental studies in this section deal with students and 
instruction in secondary or high -schools. Over 40 studies are 
presented and discussecl in the following order: those having 
tb do with cogiiitive" development, achievement, attitudes^ 
Instructional methods and, finally, studies related to basic 
(3-R's} skills. Readers will be able to find page number refers 
ences to specific areas of interest by looking at MATRIX 2: * 
EXPERIMENTAL RESEARCH^ 
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What have we learned about the way high -school • studeits think ? ^ ' 

To answer this question, a number of studies were conducted with 
high school students. , 

DeLuca (1977) designed and tested an electronic apparatus for Its 
' similarity to Plaget's first, chemical experiment. DeLuca's tasks ' 
w^e randomly included In a series, of five tasks administer^ to 
twelfth grade chemistry students. Statistical analysis indicated 
no differences among the tasks in their discrimination between 
concrete and formal operational subjects. 

Bady (1977) developed tasks to study the ability of ninth grade, 
eleventh grade and college freshmen students to identify correla- 
tions in data and to test hypotheses. Results of typical corre- 
lational tasks showed a 40 percent success rate by college 
students, 15 percent by eleventh grade students, and 5 percent for 
ninth ^ade students. The subjects performed at a lower level on ' 
the hypothesis testing task. 

Lawson and Nordlund (1977) - Investigated high school biology students 
using BSCS-Blue Version. The majority of these subjects performed 
below the formal-operational level on weight and volwe conserva- 
tion tasks. The results Indicated that these students would prob- 
ably encounter difficulty with the BSCS-Blue Version materials. 

The surprisingly low percent of subjects passing the tasks adminis- 
tered by Bady and Lawson has been reported by other researchers in 
recent years. 

Bowell and Dawson (1977a, 1977b) studied the ability of 61' ninth 
grade concrete operational subjects to 'make the transition to a 
fuU knowledge of density (including floating and sinking) which, 
according to Plagefs theory., requires formal reasoning. They % 
ettphasize that the study attempted to teach the idea of density 
rather than requiring this construction by individuals. The 
authors reasoned that this enabled a more concrete approach 'to 
be taken avqldlng wherever possible the necessity for formal 
operational- thought processes. Rowell and Dawson reported that 

' ,41 percent of the students finished the period of instruction 

V. with a full understanding of density. 

^ Holllday, et al. (1977) studied tenth grade subjects who' were low 
verbal performers. These subjects performed significantly higher . 
When provided with picture-word diagrams bf biological concepts 
than when provided with block-word diagrams. 

How much imposed stru cture is desirable for high school science 
'Studenfs? . ^ ' 

A fairly strong argument for impose^ structured learning is revealed 
by a reyl.ev .of the articles in this category. Evidence, however, 
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has been obtained from relatively shoirt-terh observations. Certainly 
the research in this area will profit greatly if tnore long-term 
studies can be employed. 

Beeson JC1977), KahXe and Rastovac (1976), LaShier and Wren (1977), 
Lee (1977) and Power and Tisher (1976), conducted investigations 
which examined the relationship between imposed structured teaching 
and student learning. - , . 

Beeson reported a study in which tenth grade students received 
instruction on electric, circuits using a hierarchy of concepts con- 
structed from a task analysis procedure. The results of the study 
indicate that intellectual skills were best learned when they were 
connected in a hierarchical sequence. Beeson, however, also con- 
cltlded that the hierarchy was mechanical rather than meaningful. 
Beeson also suggested that meaningful (generali^ahle and relatable 
to the subjects' experiences) learning in learning hierarchies is 
a field in need of much .additional' research. 

Kaiile and Rastovac examined the effect of advance organizers on the 
Uteaningful leamipg of carefully sequenced materials in biology 
classes* The advance organizer group showed significant improve- 
ment over the control group. . 

^ ' 

LaShier an^ Wren investigated the effects of student knpwledge of 
pretest mathematics skills and exposure to a mathematics overview ' 
on IPS achievement and mathematical competency. LaShier and* Wren 
Interpreted that the superior gains of the experimental group were 
due to their knowledge of pretest results and instruction provided 
by the matheipatics overview. This mathematics instruction provided ' 
the students with a concise computational instruction in each area 
of the pretest. The results of the experiment indicate that a 
dia^ostic method which assists students with defined needs is 
.successful in improving their scored 'on the IPS Achievement Test. 

Lee examined the effects of kinetic structure on the acquisition 
of meaningful learning. Kinetic structure is a term defined as 
the serial linkage of verbal, statements throughout a communica- 
ti6n> which can be visually represented on a graph. The study 
showed that high structure was the greatest factor for producing 
greater knowledge acquisition and retention. The study was con- 
ducted with 212 ninth and tenth graders. cThe retention data 
were gathered seven days subsequent to the initial testing. 
The study also showed that visuals (35 mm' slide versions of 
bldck and white line drawings from textbooks) were not an Impor- 
tant variable. 

Power and Tisher studied 15 science classes using the Australian . 
Science Education Project (ASEP) materials. Video-taped classes 
were analyzed for student and teacher .behaviors. The independent 
variable was the three levels of teacher structuring. The study 
revealed that more structuring resulted in nore cognitive activity, 
more experimentation and less t^sk— irrelevant activity. 
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»* Although the studies generally indicate that, mastery learning and 
increased "kinetic struct.ure" produce increased student learning, 
' a study by. Douglass (1977) produced contrary evidence/ Douglass 
investigated the achievement of high school biology students as 
a furjctionjof the effects oi instructional sequence and cognitive 
style. The instructional sequence had no effect on the level of 
achievement* Cognitive styl^ of the subjects was determined to/ 
be either field, dependent or fi^ld independent based on the 
Embedded Figures Test, The cognitive style was .found to have a 
significant effect on achievement when general intelligence was 
ignored. 



How does team teaching affect student achievement ? . 

Jeffries- (1977) studied over 3000 tenth grade biology students over 
a four-year period. Stud-ents were randomly assigned to one teacher 
for the full year or to four 9-week courses with diff er^^^^^^chers . 
Significant improvements in achievement occurred for t^eT team^tkach- 
ing apprpach. • ^41^ 

Additional studies by Beeson (1977), Coles (1977), Even (1977), 
Lawson and Nordlund (1977), Leonard (1977), Loeb (1977), Rambally 
(1^77), Rastovac (1977), Tamir (1976), and Williams (1977) included 
data on student achievement. These studies indicate the tendency 
for student achievement to be improved by increased imposed struc- 
turing of the learning experience, although some studies do not 
support? this conclusion. 



How 5oes computer assisted instruction effect achievement? 



Sperry^ (1977) studied the use of ^computer simulations- to teach 
biology in an inner city high school.* The study analyzed the effect 
of computer simulations on critical thinking, attitudes toward, com- 
puter programs., and attitudes toward biology. The study concluded 
that (1) the computer simulated materials did not, improve the 
students' critical thinking compared to students in regular biology 
classes; (2) the computer group significantly improved th^ir, atti- 
tudes about computer simulation over those of the -control groxip. 



Staniskis (1977) compare^ student biology content achievement between 
computer-managed instruction and non-computer-managed groups. Groups 
were identified as ^mputer-managed- instruct ion- junior high stydents 
. (CMI-^H),, computer-managed-instruction- senior high students (CMI-SH) 
kid non-CMI-SH. . The subjects were ctfoss-categor ized as high or low 
u^ing the California Achievement Test and Achievement Development 
Scale Scores (CAT/ADSS) for. .total reading. -The study concluded 
that the CMI-JH group achieved significantly higher bjfology "content 
achievement than did the other two groups. , No significant differ- 
ence between the- CMI-SH and non-CMI-SH groups occurred for achieve- 
ment. * Within each group, the high readers showed significantly higher 
• content aqhievement scores than did the^low readers. A 41scussion of 
the study reveals that the CMC7JH group followed the recommended CMI 
program, closely. Students were permitted to progress at a rate 
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equal to their ability. In the CMI^SH group the format 'was modified. 
Time constraints were placed on students and the sequence of 'modules 
was changed. The non~C>n: group followed a conventional approach of 
lectures » periodic tests and group pacing. 



How successful have various science curricula been in 1977 ? 

1 

Studies specifically related to CHEM Study, BSCS, IPS and Project 
Physics were "reported. Even (1977) studied student achievement in 
CHEM-StUdy and noh CHEM-Study classrooms. Achievement was measured 
.using a 60-item posttest, a Scholastic Aptitude Test, the Inventory 
of Choices and a summary of educational plans. Aptitude and achieve- 
ment. scores showed substantial decline when a course based on CUEti- 
Study was implemented in place of a traditional curriculum used for 
eight years. • 

Rambally (1977) studied the relationship between teachers' attitudes 
toward science, interaction patterns, and achievement among twelfth 
grade students in the CHEM-Study program. The study revealed a 
.direct relationship between teachers' attitudes* about science and 
student achievement. No significant relationship occurred for 
student-teacher interaction and achievement. 

Frigo (1977) studied the feasibility of integrating selected environ- 
mental management concepts into parts of tHe BSCS-Yellow version. It 
was concluded that this approach vas not feasible. Tamir (1976) 
examined achievement scores of Israeli high school students using 
BSCS and found that scores for this group were significantly higher 
than for other students in non-BSCS curricula, Watkins (1977) 
assessed the cognitive style of students enrolled in the BSCS-Green 
version compared to a trjaditlonal biplogy program.- The results 
Indicate little or no difference in ^populations exposed to the. BSCS 
curriculum or th^ traditional version and the subject's cognitive 
style, i.e., the mode of problem solving or inquiry. BSCS subjects, 
however, had significantly higher achievement scores than had sub- 
jects in traditional biology classrooms-.. 

Additional studies by Lawson and Nordlund (1977) on the BSCS curric- 
ulum and LaShier and Wren (1977) on the IPS program were reported 
earlier. . ^ 

D. Peterson (1977) examined a training program in science inquiry 
Skills which was developed to enable high school students to acquire 
Investigative strategies which are an integral part of science. The 
author defines science inquiry as the coordination of the proc^?ses * 
of "science in a systematic probing of the nature of objects and 
events of the environment. The experimental group was trained in 
science .inquiry. ,One control group completed nine weeks of Project ' 
Physics and a second contrql group experienced a combination of 
science Inquiry and Project Physics. The author concluded that the * 
experimental group generally out-performed the Project Physics group 
on investigative skills. The author concludes that specific instruc- 
tion In scientific Inquiry skills was of functionaHy significant 
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value for th^ subjects and that the group benefited from a blend of 
concrete materi-als and abstract verbal Instruction/ 



What interventions appear to influence high school students' atti- 
. tudes toward science ? ^ . • ' ' 

Research by Coles (1977^* focused on attitude as a function of teacher 
direct iveness. Coles hypothesized that students would perform best 
and experience greatest satisfaction in classrooms when the delivery 
style of the instructor .best matched the students' locus t)f control 
orientation. That is, t^e achievement and attitudes of externally 
controlled students were expected* to be maximized in directive, 
settings. It was ^concluded that there was no supports for 'the« hypo- 
thesis. The study was -conducted with 15 biology teachers and 370 
students and reijresents a signi^cant effort to test this hypothesis • 

Loeb" (1977) exarainecf the effect of group testing and individual 
testing on student attitudes toward science for nearly 300 students. 
The experimental group consisted of students taking regular quizzes 
within five group ^ of three to four students. The exams in. these 
groups were ans«^er^d in^a cooperative manner while the control group 
took individual t^sts. 'In the second phase of the experiment, the 
treatment for the two groups was reversed. No significant differ- 
ence between groups was found f^r test anxiety, attitude, or achieve- 
ment, and student interest!. The study also revealed that teams 
teaching may not be beneficial for students with intelligence quo- 
tients below 95. The team teachlng^approach <iefinitely favpred Jthe 
students with average and higher I.Q.'s. 

Williams (1977) conducted^a similar study on first year biology 
students. ^ The results of* the study also indicated no significant 
difference^ for student attitudes toward biology for achievement ' • 
in biology. - ^ , * 

Martin and Beir (1977) concluded that behavioral objectives made a 
Sign|.ficant difference in the student attitudes toward instruction 
in a vocational science class. The, students also performed signi- 
ficantly higher than did a control "group on terminal achievement, 
critical operations and residual achievement. Their finding is 
consistent with the results, of Manley's study discussed earlier* 

What teaching methods appear to work best with high school students ? 

Leonard .(1977) studied twd instructional methods for biology labor-/ 
atory inyestigatfons. The experimental group did investigations 
based on the Extended Discretion Model (EDM) which consists of (1) 
a task- statement, (2). ongoing teacher review , of student progress 
and (3) a list of student discretionary resources to. complete the 
task. The control group consisted of^&tydents in a BSCS-Green 
version laboratory program. The stu(^y co^^<lu^ed that investigations 
should require more independent studdiit. work than, for example* do 
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the BSCS investigations. The study V^so noted that different 
teachers utilized the EDM method differently and that teachers 
t^ded to show reluctance to, allow studjsnts greater independence. 

Rastovac (1977) examined the eff ectiv.eness of audlo--tutorial versus 
teachex directed inquiry in promoting achievement. The results 
showed no significant treatment differences In achievement. 

Santiesteban and Koran (1976) studied tenth grade students pf low 
^ verbal ability who were taught using one of three Instryctional • 
adjuncts: (1) advance organizers, (2) behavioral objectives, or 
(3) a set of adjunct questions. No significant difference in 
achievement was found for the three treat;ments. 

Silbert (1977) Investigated the effects of high and low structure 
educational environments on 67 students who differed in. level of 
cognitive development (LCD) as. assessed by Piagetian tasks. The 
study concluded that neither attitudes nor achievement of the low 
LCD group and the high LCD group were related to the degree of 
structure. 

Evans (1976) investigated interactions that take place in oral 
teaching of high school and dollege students. The study revealed 
a high degree of teacher dominance ±i\ both settings and^ an infre- 
quency of discussion by many pupils. * 

Additibnal studies related to this category by Balogun (1977), 
Coles (1977), aef fries (1977)\ Martin and Bell (1977), Peterson 
(1977), Rambally (1977), and Williams, (1977) are included in 6ther 
c:ktegories in this section ori secondary students, \ 

Cari high school science courses improve students ' basic skills ? 

f 

A study by Kincald (1977) • investigated .the effectiveness of an 
Inservice program for Secondary teachers in' teaching reading in 
thd content areas. , Mathematics, science j and social studies 
teachers received three days -of training in selected skills and 
processes' needed to help > their students read content material. 
The study indicated that the teachers in the exi)erlmeat group did 
in fact perceive themselves incorporating new experiences designed 
to itqprove student reading in each content area^. 

Summary i • • 

What have w€5. learned from experimental studies involving high 
School students? It appears that the formal reasoning capabili- 
tiea of secondary students, as defined by Piaget are lower than 
one would expect by merely examining Piaget's theory, but this 
finding is not new. / 
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significantly effective in inqjroving the students' science process 
skills, I 

Renner and Paske (1977) studied the relationship between cdntent 
achievement and cognitive development gains among college students 
receiving concrete instruction and those receiving formal instruc- 
tion. Gains for all groups using the xoncrete mode were* made over 
the groups under formal instruction. 

Moche^(l977) studied the effects on knowledge acquisition .of match- 
ing science subject matter communication structure to students' 
cognitive style. It was concluded that the type of structure a 
, science teacher should use depends on the outcome objective. If 
the objective is recall of ^formation, the subject matter should 
be presented in brief isolated blocks of equivalent to about one 
paragraph. If the objective is synthesis of relationships, then a 
cluster approach should be used where concepts are continually' 
contrasted and compared. The results of this study indicate that 
the ^ learning level of the student is directly related to the 
Instructional level. 

A study by Blake (1976) was conducted on the cognitive character- 
istics of the freshman population of elementary education students 
In Australia. The purpose of the study was tp determine .the 
success of a combined mathematics-science course of one semester 
In facilitating intellectual growth using an inquiry approach. 
The control group was taught science-mathematics in a traditional 
lecture format. Piagetlan tasks were used to measure intellectual* 
growth.' The study concluded that neither method proved superior. 
Both groups showed marked intellectual growth which was not related 
to a standard intelligence quotient. Approximately only two per- 
cent of the population was fully formal operational (Piaget) after 
the one-semester course. \ 

Other cognitive development studies were reported by Bunge (1977), 
Coldeway and Merrill (1977), Crawley and Shrum (1977), J. Johnson 
(1977), Lutz and Rlgney (1977). 

Hoy. does audio-tutorial Instruction affect achievement? . 

Francis (1977) investigated biology , achievement in an audio- 
tutorial program for non-science majors. The first phase of 
the study compared acjilevem^nt between groups of students with 
audio-tutorial instruction and with lecture-laboratory instruc- 
tion. The second phase compared achievement among high, medium 
-and low science ability subgroups in the audio-tutorial group. 
The audio-tutorial group achieved significantly better than *did 
the -lecture group in the area of knowledge but not in the areas 
of con5>rehensibn, application or overall achievement. 

Seal (1977) concluded that the audio-^tutorial method was equally 
as effective as a conventional method. Retention scores for the 
two methods also showed no difference between the two methods. 
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Anthony (1977) made a comparative study of an audio-tutorial and con- 
ventional lectuTe method of instruction in a biology course "for non- 
science majors. > No significant difference was found between the two 
methods for student achievement and critical thinking. 

Walsh (1977) compared the changes in achievement and attitude between 
a physical geology class using the Keller Plan or PSI and a control 
class using a conventional lecture-laboratory method. ^No signifi- 
cant difference ii^. achievement occurred between the groups, but the 
experimental class showed significant improvements in attitude toward 
sciencte , compared to the control. 

Butzow et al. (1977) examined the relationship between attitude and 
achievement in an audio-tutorial introductory chemistry course. The 
best. predictor of success with the experimental program was the 
prior achievement, notably grade point average. The attitudes of 
students toward the course were not ^found to be related to their 
achievement . 

The conclusions from this body of research imply that audio-tutorial 
instruction seems to be as ^effective as traditional means of instruc- 
tion when growth in student achievement Js measured^ Research by 
Walsh (1977) and Thiele (1977), however, have' demonstrated that 
audio-tutorial or self-paced methods can be xised to improve student 
attitudes. 



How effective is mastery learning on student achievement ? 

Several studies addressed this question. It should be noted that 
this questioif examines gains "in student achievement if mastery 
learning or diagnostic learning is. stressed. Research on this 
question provides important additional information about the merits 
of an audio-tutorial instructional systems 

Putt (1977) studied an established -course in introductory physics 
presented according to traditional and to the Keller method of 
instruction. The study specifically examined the'mastery concept 
of self-paced 1-earning. Putt, concluded that time is the relevant 
variable determining mastery in an introductory physics course. 

Rakltan (1977) also studied conventional learning strategies and 
mastery learning strategies. This study reported that discriminant ' 
analysis of cognitive and affective situdent traits was highly 
successful in placing students into modes of instruction which 
produced the greatest achievement. 

A study by Has^ (1977) examined the use of performance objectives 
on achievement and. attitudes of non-science majors enrolled in 
biology. . The students who used the performance obj-ectives scored 
significantly higher on teacher-constructed tests than did students 
not using performance objectives. The use of performance objec- ^ 
tlve^s, however, dl<i not enhance general biological achievement as 
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measured by the Nelson Biology Test nor improve attitudes toward 
instruction. 



Collins (1977) also studied the effect of the Keller approach and 
mastery learning on biology and pharmacy major freshmen and found 
measurable but limited short-term enhancement of spholastic achieve- 
ment when compared with a standard' audio-tutorial (non-mastery) 
strategy. Superior performance, however, tended to be limited to 
lower-order types of multiple-choice items. 

A study by Waugh (1977) determined the effect of ongoing diagnostic 
tests. First year biology students showed no significant increase 
in achievement compared to the control. However, a second unit of 
diagnostic instruction for these students .did produce significant 
achievement over the control group. 

The results of these studies are not conclusive, but the tendency 
for mastery learning or diagnostic learning to produce higher 
student achievement than does non-mastety learning is indicated 



Which studen t char acteristics are related to student achievement ? 

A difficulty with studies of students' characteristics is the prob- 
lem of isolation and control of variables. For this reason it may 
be in^ossible to- conclusively demonstrate a cause-effect relation- 
ship between student achievement -^nd student characteristics The 
studies below examined the correlation of these two broadly defined 
Variables* 

Elliott (1977) used a multiple regression analysis on ehe variables 
of physics pre-test scores, reading comprehension, support, conform- 
ity, independence^ leadership, practicular mindedness, achievement 
and variety. Each of these variables was examined for 'its effect 
on physics achievement and on attitude toward' an audio-tutorial 
approach and a lecture approach to instruction. The author con- 
cluded that the student characteristics of aptitude of physics 
pretest scores and support produced significant positive correla- 
tions with physics achievement for students in the lecture approach. 
None of the nine student characteristics was found to be signifi- 
cantly correlated with physics achievement or attitude for the ' 
audio-tutorial approach. Neither approach was superior in pro- 
ducing higher physics achievement or attitude. 

As Butzow and Williams (1977) and Lyon (1977) concluded, the best 
predictor of science achievement is prior content achievement. . 
Additional studies related to this category were conducted by 
Chuaphanich (1977) and Osborne (1976). 

Is there a r elationship between the teacher's stvle of »„p.c tioning 
and students' learning ? ^ " 

An investigation of the effectiveness of three levels of question- 
ing and biology achievement was reported' by Merlino (1977). 
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Teachers'^sO^sroom questions were classified as high, medium or 
low using the^ander's taxonomy.. Significant improvements in 
students' understanding of biological concepts occurred .^hen 
higher levels of questioning were used. 

Is the grading of homework necessary in upper Ifevel engineering 
classes? 

Stephens (1977) studied students in an upper level engineering 
class and evaluated their homework assignments. Stephens concluded 
that students who had their assigned homework graded did not per- 
form better than did students whose homework was. not graded. 

Additional studies related to the category of achievement/attitudes 
were conducted by Chapdeleine (197 7), Chuaphanich (1977), Cooney 
(1977), Foster (1977), Gabel et al. (1977), Elliott (1977), Hanshaw 
(1977), C. Johnson (1977), Mamantov (1977), Osborne (1976), Reach 
(1977), Russock (1977), A. Smith et al. (1977), Stronck (1976), 
Suter (1977),, and Thiele 1X911). 

What i s the impact of curriculum change in college classes ? 

A study by Gadson (1977) examined tfie change in science attitude 
in college students enrolled in physical science due to the imple- 
mentation of the Thirteen-College Curriculum Project (TCCP). A 
traditional physical science course served as a control. The find- 
ings indicated a significant Improvement in 'the emotional. 
Intellectual and scientific attitude f or ^e TCCP ' group compared 
to the control groupr ' 

A model chemistry curriculum for the undergraduate biological 
sciences major was reported by Englin (1977). The authof made 
an extensive review of the literature related to this problem, 
and involved a variety of experts. A. sequenced list of courses 
was developed. A number of important conclusions were reported 
related to the success of such a curriculumt (1) a substantial 
percent of college freshmen needed training at an abstract level 
before they could successfully deal with the rigor of the pro- 
posed curriculum, (2) college students could be trained to . 
function at an^ abstract level through instructor-directed inquiry 
learning and laboratory manipulations of surrogate concrete con- 
cepts leading to abstract general izationfe. 

Additional studies relating to curriculum were reported by Craney 
<1977), Firango^^ (19^7) and Jenkins (1977). 

What is being done at the college level to improve st udents^ 
basic (3-R*s). skills? 

Mlrsky (1977) reported on a Sophomore level course in geosfsaence 
at Indiana University and Purdue" which was developed-.-fetr'^each 
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written and oral reporting skills. Considerable improvement 
occurred during the ,one-quarter course. Other professors reported 
differences in written reports by the subjects as well. Subjects 
who have graduated recommend the course to current students • 

Buckley (1977) studied the effect of integrating topics in science 
and algebra for remedial instruction. The experimental "group 
received instruction that emphasized a close correlation of related 
topics in science and algebra. These were also sequenced so that 
the algebra was generated from the science topics. Science related 
problems were frequently utilized in the assignments for the experi- 
mental group. The control group covered the same topics in science 
and algebra but no attempt was made to interrelate course material. 
The study revealed that the experimental group significantly out- 
performed the control group on cognitive gains. No significant 
difference between the two groups occurred for attitudinal changes 
toward science and mathematics. 



What evidence is there that computers can play an important role in 
science education ? 

The use of computers as ari instructional system is an area of 
Increasing interest to .researchers. Several studies were conducted 
at the university level which analyzed various aspects of the ques- 
tion above. Studies by Cavin (1977), Cottrell (1977), Hilbert 
(1977), and Luce (1977) explored computer instruction as it 
relates to science. 

Cavin compared the use of computer-simulated experiments in a 
college chemistry laboratory cqjnpared to conventional laboratory 
experiments. It was concluded that students who did the con^^uter- 
simulated experiments performed significantly better than did the 
students in the conventional setting in some cases. Overall, how- 
ever > the computer method did not show a. clear advantajge over the 
conventional^method . 

The study by Cottrell investigated achievement and attitudes of 
chemistry students using a computer managed instructional system 
with FORTRAN language. Again, the computer method showed no 
significant difference in the achievement of instructional 
objectives. 

Hxe results of studies by Hilbert and by Luce are somewhat contrary 
to those of Cavin and Cattrell. Hilbert ^s evaluation of the effec- 
tiveness of instruction augmented with computer interaction and 
peer assisted learning showed significantly greater gains for the 
computer group. The study by Luce provided evidence in favor 

of a modified form of computi^r assisted^lnstruction (CAI). The 
study employed a computer system based on units of instruction 
which are mote comprehensive than the frame of traditional CAI. 
The data collected, showed significant Improvements in the users 
of this program. ' • ^ 
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^ . • , • 

The results from these studies seem to be mixed, but, based on these 
studies alone, computer assisted Instruction methods appear to be at 
least as good as conventional methods. And, very much app.ears'to 
depend on the specific kind of computer assisted Instruction, 

An additional study by Dunkum (1977) reviews the problems associated 
with computer assisted Instruction In physics 'programs. The reader 
should refer to this non-experimental study for programs on t]ie 
effective use of CAI and for future research questions, 

A study of Berkowltz and Szabo (1977) examined the effects of mental 
ability upon the problem solving processes of individuals and dyads 
confronted by complex sciente problems of hypothetical reasoning. 
Results shoved that dyads composed of tvo high mental ability 
students requested significantly more data than did high ability 
individuals. Apparently the dyads x^ere doing more critical think- 
ing and more hypothesizing than were individuals alone. Low ability 
dyads received significantly fewer data matches than did low indi- 
vidual and high-low dyads. The fact that high ability pairs of 
students achieved most may suggest the computer problems were too 
difficult to be stimulating to less able Iptudents, 



What have ve learned Irom experimental studies involving college 
students? ^ ^ 

The research indicates that structured learning can be used effec- 
tively to improve achievement, especially if the'subject matter is 
presented in a well designed and highly logical sequence. Typical 
audloH-tutorial instruction^ however, was found to be about as effec- 
tive as conventional modes of Instruction for . achievement and 
attitudes. The inference is that only audio-tutorial instruction 
that is high in* logical organization will significantly improve 
Student learning. The evidence overall shows that students require 
a vide variety of modes of learning, ^nd the search for one ideal 
mode continues. There is the usual evidence that concrete exper- 
iences, when coupled with logically structured abstract experiences, 
can produce high overall achievement for college students in science 
and perhaps mathematics. Mastery learning and diagnostic testing 
are found to improve achievement. Time is recognized as a signifi- 
cant factor in affecting achievement in this setting. Achievement 
of this type is also the easiest to measure. Continued evidence 
Indicates that> college students as a whole are surprisingly defi- 
cient in formal or abstract thinking,.. Computer assisted instruction 
provided mixed results. The evidence however indicates that computer 
assisted instruction which is high in logical organization and used 
systematically can produce high achievement, ■ 
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Teachers 



We begin this sect^lon by looking at experimental studies which were 
coAducted to test methods of changing teachers' behavior, attitudes . 
and competencies. MATRIX 2: EXPERDENTAL RESEARCH will assist 
readers in locating pages which deal with specific areas of interest. 

How can teachers! interactions with students be modified ? 

Kelsey (1977) conducted a performance based teacher education study 
with 27 student teachers. Variables investigated were students' 
cognitive statements, reinforcement patterns, effects of treatment 
on Individuals, identification of individuals responding Well and 
poorly, and performance criteria. The study employed a four-hour 
training session during which the student teachers learned to 
identify and classify cognitive and reinforcing verbal behaviors 
f from audiotapes -of their instruction. 

The study concluded that these methods were, effective in changing 
verbal behaviors of student teachers and that these teachers could . 
learn fco categarize and monitor their own verbal behavior. Further- 
more, the monitoring and the setting of measurable goals as perfor- 
mance criteria with reference to baseline data was more ef^fective 
In producing behavior changes in student teachers than was merely 
providing subjective feedback. 

Lamb (1977) studied a inodule for training science teachers to ask ,a 
wide variety of levels of cognitive questioi\s. The module included 
a question category system to be used by the teachers. A written 
programmed instructional sequence of 120 frames was designed to train 
teachers to use the system. The teachers then applied the system to 
audiotapes of classroom behavior. It was concluded that the experi- 
mental teachers who used this module asked a wider variety of 
^questions than did groups without the module. 

Yeany and Capie (1977) ^tu^ied the effects of model viewing and 
Instruction in teaching strategy analysis on preservice teachers' 
selection of science teaching strategies and on their attitudes 
toward the ^^ole of the student. The study concluded that the best 
method ta bring about changes in attitude and in teaching style of 
elementalry preservice science teachers was a combination of train- 
ing In a science teaching strategy analysis and the use of video- 
taped model lessons. 

Sun^al (1976) investigated the effects of an elementary methods 
course on preservice teachers. An experimental group- of students 
was involved in a campus-based field experience as well as in 
iaethods coursea and student teaching. The major difference 
occurred In the ability of stu^^ts with field experiences to 
more adequately model specific teaching roles when asked to do so. 

Generally the studies Indicate that teacher behavior can be adjusted 
to better and higher forms of questioning. Teachers can recogn:(^e 
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desirable modes of Interaction in their own teaching. Additional 
studies are badly 'needed to measure the long-range effect's of such 
instruction. Additional studies related to this category were 
conducted by Rahn (1977), D. Smith (1977) and Vannan (1977). 



What techniques are most successful for changing teachers^ attitudes 
toward science ? 

Two studies addressed this question. Jaus (1977) found that an Imiue** 
diate microteachlng experience for Inservlce teachers rather than 
curricuiar activities had a positive effect on the teachers' attl^ 
tudfes toward teaching process skills. The microteachlng experience 
had a significant positive effect beyond those tjaachers who were com- 
petent in understanding the processes of science, 

A study by Bergel (1977), however, produced mixed results, for this 
question. Bergel concluded that the microteachlng experience did 
not produce a significant Increase in positive attitudes for pre- 
service elementary teachers over a control group. 

Apparently the microteachlng method of introducing teachers to teach- 
ing science can be successful^ but a positive change in teacher 
attitude cannot be assured.. .Apparently teacher attitudes are con- 
trolled by additional factors. 

Other factors which may affect the attitudes of elementary teachers . 
toward science were studied by L. Gabel (1977) and kauchak (1977). 
Gabel concluded that, a significant positive change in attitude toward 
the teaching of science but not toward the b'ody of science waa 
achieved as a result of a four-week workshop on modern elementary 
science curriculums. . The teachers involved ajso served as model 
scienc^ teacher? for preservice teachers. It Is interesting to note 
that the preservice teachers did not change their attitude toward 
science or science teaching a^tet observing tjie model teachers. 
Kauchak found that WT:iting.an essay, in a test situation, favorable 
to a particular topic resulted in an altitude change toward that 
topic. Santlesteban and Koran (1977) found that elementary school 
science students taught by preservice teachers trained to ask obser- 
vation and classification questions showed a significant Increase in 
frustration over a control group. Results such as these' indicate a 
continued need for longitudinal research. 



How can teacher competence by imp^roved ? 

A study by W. Brown (1977)* concluded that elementary teachers who 
were taught science process skills in a series of hands-on labora- 
tory activities scored significantly higher on a paper-and-«pencil 
instrument for science process skills than did a group not receiv- 
ing these skills. This control group was also enrolled in an 
elementary science method course. Campbell and Martinez-Perez 
(1977) also concluded' that preservice teachers may not acquire 
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science processes In science courses and that Instruct^n of rela- 
tively short duration ds sufficient to significantly alter preservlce 
teachers' knowledge of process skills. The work of Markle and Caple 
(1977) also indicates that the processes of science can be learned 
by elementary teachers In a physics course designed for the group. 

The importance of these studies* to teacher , education is that the 
processes of science which ar'e Important t^^odem elementary 
curriculum have to be emphasized ir^ a science course. They cannot 
be expected-^ to occur automatically , as a result t>f a prospective 
teacher enrolling in a science course. 

The acquisition of science teaching competencies through psychologi- 
cal modeling was studied by Santiesteban and Koran (1977). Psychos- 
logical modeling is defined as the tendency of individuals to Imitate 
higher status persons', peer 'group members and other relevant models. 
Sttidents observed a videotape of a teacher asking observation and 
classification questions of elementary students. The teaching skills 
of observation and classification were not verbally highlighted. A 
sound track of the video model was given to .another group. The 
results suggest that both the video and audio models produced 
affective behavior more frequently than a no-model treatment. 

A study\y Henderson (1977) evaluated the success of resource j:eacher 
to the implementation of elementary science, curricula,. The findings 
indicate that classroom teachers not previously Involved as science 
resource people can provide Insetvlce education for their' peers. It 
was also concluded that a four-week summer workshop can be an effec- 
tive means of changing the resource teacher's attitude toward science 
and science teaching. The study also stressed the importance of pro- 
viding experiences for the teacher which closely fit the actual 
responsibilities of the resource teacher. Furthermore, the prin- 
cipal's interest in such' an experience is an important factor in the 
actual jtaplementatlon. 

Additional atudles by White (1977), Fox (1977), Harvey (1977), and 
Wolfe (1977) were conducted in this area, > 

■ / 

Smtoary of Teacher Education 

The experimental studies in teacher education indicate that teachers, 
through training, are capable of diagnosing their own lnteractlons\^ 
in the classroom. This procedure proved to be an especially valuable 
techrtlque in changing preservlce teachers' te^achlng styles compared 
to subjective comments. Thorough diagnosis, however, requires con- 
siderable training and some teachers may be hesitant. And, preservlc 
teachers who "took part in f leld^^experlence during a science methods 
course could model specific teaching roles adequately when asked to 
do so. 

Mlcroteachlng can be an effective bridge to the field experience. 
The evidence indicates that teachers become proficient in success- 
ful science teaching by doing the teaching rather than by watching 
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it. Model elementary teachers, who were trained in a four-week workshop 
on modern science teaching techniques showed positive attitudinal — 
changes^ to teaching science, but no change toward scien9e, Pre- 
service teachers who observed these model teachers showed no positive 
change in attitude toward science or in teaching science* 
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CONCLUSIONS . 
Introduction 

What have we learned from research in 1977? Quite a bit, we think. 
This part looks at the broad plcture^^ combining ex post facto, survey, 
and experimental research* Our discussion and conclusions are organ- 
ized into four sections which cut across grade levels and focus atten- 
tion on traditional'' categories: cognitive development, achievement, 
attitudes. and perceptions, and instruction. 

\ In 6ach of these sections, we have looked at the annual reviews of 

research from 1972-1976. These years represent an initial effort to 
look at the preceding five-year span of research. A more thorough 
five-year synthesis is now needed as a separate document. 

The Implications that we draw from the conclusions are presented in 
two fln^l sections which are addressed to two audiences: implica- 
tions for teachers, and Implications for researchers. 

Cogtiltlve Development 

Looking Back: 1972-1976 

As we looked back at the research on cognitive development over the 
past jElve years, tliree facts became obvious. First, Plagetlan theory 
^ , has dominated the scene. Second, much of the Plagetlan research 

appears to.be repetitious. The majority of the studies were confir- 
mations of Plaget's theory; only the numbers of adolescents who 
demonstrated formal reasoning patterns differed from Plaget's esti- 
mates. Nevertheless, we were positively Impressed by the sheer 
number of studies and by the diversity of tasks and- populations 
sampled. ^ 

, The third fapt to Suijface from the past five years of research is 
^ that little work has been done to show how Pfaget's theory can help 
sqlence teachers Improve instruction. Most studies supply tests or 
tasks that can be used by teachers and offer student norms which 
tnay or may not apply to. the teacher's local population. Little 
effort has been directed toward helping teachers know what to do 
after the tests have been scored. With this background, let's look 
at the research for 1977. 

This Year;'- 1977 , ^ . , ^ 

»At the 1978 National Association for Research in Science Teaching' 
4Sj(NARSp annual meeting in Toronto, 20 of the 70 papers listed titles 

related tO;r Plagetlan theory. Similar trends are reflected in the 
' various Journals th;&r report research on science teaching. We 
' , interpret this wave* of interest as evidence of readiness for a 

: o . . , ^- ; \ • ., , ■ 

ERjC : . 89 . . , 



developmental theory that is easily understood, easily confirmed 
or tested by reality, and sufficiently broad to permit a great 
deal more research for clarif ication*' 

What were the m^jor findings of Piagetian research during 1977? 
First, the major thtAJSt must be described as demographic — meaning 
surveys which report the distribution, population d'ensity and other 
vital statistics about the perfotmance of 'individuals on Piagetian. 
tasks which require logical reasoning . Vital statistics include, 
the relationship of logical reasoning to such factors as age, 
gender, social or cultural groups, and Bq forth. 

.On ther fi^plrfacp, it appears that the majority of the demographic 
studies support findings. already reported by others, but readers 
must dig deeper to find out which studies have really added a new 
dlinension to our understanding. Examples of this latter group 
Include studies by Karplus et al,, Kraft, and Piburn, to name a 
few. The Karplus team, with ±ts international survey involving' 
thousands of adolescents in Europe and the United States, sets 
the stage for a new scale of demographic mapping. Their data 
relate to the testable hypothesis: Can differences in teaching 
Influence the logical reasoning abilities of adolej^cents? 

In a new direction, Kraft has shown the relationship of right-left 
brain hemispheric activity to the intake of inform^ation on Piagetian 
tasks and output of hypotheses for task solution. From this rela- 
tionship, Xraft proposes that Piagetian tasks are an index of 
Interheniispheric communication, and that Piagetian stages are the- 
behavioral index of maturing neural fibres between the right and 
left cerebral hemispheres which facilitate the process. In our ; . 
ylew, Kraft's reseai^h is of considerable significance because it 
brings us closer to understanding the connection between learning 
and physiological development. 

4'*better u;id erst and ing of the differences between sexes' responses 
to logic -proljlems is offered by Piburn. This in-depth analysis 
j^hows^ t?hat gender differences are problem-specific and not at all 
^'.generalized as many have thought. Proportionality is one key area 
Piburn identifies ^for careful attention to differences;. ~ 

what were' other characteristics of Piagetian research in 1977? 
Y^ry little research pertained to classroom instruction, meaning 
application of Piaget'a theory. A study by Johnson is an example 
o;E ' the .except ions-, however; Two forms of cognitive conflict 
tr'alning vare tested experimentally In the classroom. Cognitive 
conflict combineid with peer interaction proved to have, greater 
long-term effect in promoting logical reasoning among elementary 
students. than did .the use of cognitive conflict materials with 
individuals Working alone. Classroom teachers will find this study 
ready-made for implementation. It Is. pn a par with the research' 
reported by Albert (Hefron et al,, 197^) for exceptional appli- 
cability* .i . ' 



Finally, the cpmbination of research by Hargrove, Harkabus, and Raven 
and ,Thongprasert suggests that logical reasoning ability may prove to 
be more closely linked to the logical complexity of science reading 
materials than to their reading levels determined by popular formulas 
or tests. 

Conclusion3 r ^ 

What conclusions are suggested by the review of this yearns research 
in cognitive development? First and most obviously, Piaget^s theory 
continues to dominate the research scene. As the total number of 
Piagetian studies has ihcreasjad, so has the number of Piagetian 
demographers. Their interest resembles the ascending slope of a 
growth curve.'* 

We conclude that the astonishing amount of interest in Piagetian 
surveys needs to be channeled to contribute to an enlargement of the 
theoretical horizon. For example, there are presently sufficient 
data from sujrveys to plot a more-or-less detailed demographic map 
which, though spotty in places, could be used to create a phylo*- 
genetic model. What do we mean by a demographic map and a phylo- 

.genetic model? 

/ > 

Foreign and U.S. survey data from the past several years of Piagetian 
, research, if organized as demographers plot cerisus data, would charac- 
^ terize the development of logical thought among people of many ages, 
languages, countries, cultural-social-economic backgrounds, from both 
technological and non-technological or non-industrial societies. 
Such demographic survey data could hint at the historical or 
evolutionary lines of development of logical thought among humans, 

Piaget's model is ontogenetic in nature: it depicts the development 
of logical thought within the life cycle of a single individual. A 
phylogenetic model— if consftructed from our present demographic 
surveys— could suggest the evolution of this human trait, behavior 
or capability called logical or abstract reasoning. 

Our demographic search would need to b^ broadened if we were to 
develop a phylbgei>etic model, of course. How should we 'begin? By 
plotting our existing data first, identifying information gaps, and 
then gathering data to fill in the gaps, Perhaps we would need to 
pokeJ'^around in old literature to find early or primitive examples 
oft'Jbglcal thought, not that living examples are extinct; but liter*- 
atui^ could serve as our "biological fossils," as could existing 
non-^fcechnologlcal cultural groups. 

Naturally, all of this Implies time, energy and resources; but with 
the. present corps of . d4mographera at work now, it may be that all 
we need are the resources. ** * 

We. readily recognize that on 'the one hand we argued earlier for 
Plagetlans to devote more energy to the design of research which 
has iullt-ln classrpdin applicabliity, while on the other hand we 



hav(B just proposed thfe development of a phylogenetic modelr-wlvich is 
theoretical* There is room for^bot^j, obviously* We also admit that 
the proposed model perhaps belongs elsewhere; but we shall explain 
the reason for this example in the section entitled Implications for 
Researchers* 

THhat other conclusions are suggested by the review of this year's 
research in cognitive development? Obviously there is still much 
new ground to cover. We refer- now. to a broad cognitive development 
framework. ^ 

There were so few studies wh.ich explofefd alternative theories, about • 
cognitive development that we found little to discuss in a compara- 
tive wayt Moreover, it was impossible to contrast cognitive develop- 
ment research with research based on theories of learning (eg., 
Skinner or Ausubel) or theories of instruction Ceg., Gagne) , simply 
because studied based on these theories were not^sufficient^ in number. 
One could interpret «some of the Piagetian research in terms of ^> 
SjdLnnerian theory, but* of course That is not our task. We conclude . 
the research base needs to be broadened theoretically.* What might 
be done? • - ^ 

We interpret the interest in Piagetian research as evidence pf wide- 
spread interest in theory, and that people dp li^e to have their ^ 
research contribute to some larger intellectual t>ursuitf. We suggest 
that the lesser interest in competing theories may owe to theio: lack^ 
of clear example (eg., protocols ^6f responses), field testing ^ 
methodologies (eg,, analysis pf protocols), and perceived (ng^t real)* 
narrowness which pr'ecludes the desire to conduct more research, for 
clarification of the theory. In our view, university faculty member^ 
with appropriate ba'ckgrounds might be encouraged to^describe how 
interested rese'archers could broaden the theoretical base of • " 
research in cognitive development, . \ 
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vAcliievement 



Looking Back: 1972-1976 - . . 

.^hievement has been a frequently resea^^ed area of science educa** 
tion. -It would seem that achie\:ement should be one of the. easiest ^ 
variables to measure. Yet it* is 'not* ' The .evalua'tion ^achievement 
is characterized by a diversity of definitltons ^qiuding "recall of. 
information," "application of knowledge," and "meaningful learnings" 
to 4iam^ only a few. The higher thfe level df-.the achi'^^;^ment (Bloom *s 
Taxonomy) the more infrequent .measurement h^s been. 

The wide, diversity among studies of achievement oveif the past rive* 
years suggests the need to organize achievement research around 
existing or new theoretical models. ^Authors of past . summaries have 
all indicated the' importance of such theories^ for useful and con- 
tinued research in science education; and we concur. » 



It also makes sense tp assess achievement over relatively long period 
of .time; yet very few such studies have done so, For example, modern 
el^entaty science curricula have been employed for several consecu- 
tive years in various locations throughout the xountr)?, but th^ere is 
very little' infonnatijon* about students', long-term achievement from 
these. pfj)gramsf / 

The research^ f rom prior years emphasizes the importance of "*the 
teacher/s eff^ct.^ student achfevepient,*' Proper "^questioning patterns 
were gener^l'y foun^d^.to be an important •variable. Behavioral objec- 
tives^ and similar aids to, instruction generally appear to^'improve 
acliiev^ent- Such objectives appear to be especiafly helpful for 
Ibwet ability students. Past studies of mastery learning and diag- 
nostic testing have shown a flight tf^ndency to improve achievement 
over traditional. Ixodes. The variabiles of these studies are, however, 
•^tremely complex. It must be emphasized, again, that, most? studies 
have only m.easured short-term achievement of extremely small* incre- 
ments* The best predictor^ of achievement is stilL^prior achievement' 
icx similar subject matter areas. ' ^ ^ ^ . 



This Year: 1977 . ^ , 

Overall thfe majority^i^ studfes f&r 1977 indicated that* greater * 
,structuring of specific learning exgeriences increases achievement. 
In those specific areas. Diagnostic testing an<t mastery learning . 
generally tended to produce higher achievement than conventional **, 
modes of instruction. A problem with these * studies as with previou^v 
years is that the measured achievement is short term and specific to ^ 
the experiences, while retention studies are too infrequent. 

Continued research on the value of concrete experljences for college 
^vdents indicates that these experiences proyide meaningful and 
necessary connections to the abstractions of science, 

Th.e value of audio-tutorial rtethods and computer^assisted instruc- 
tlori^has been studied. Research reports mixed results _on^ these 
modeq of instruction over conventional modes when achievement" is 
the dependent variable. Research '•suggests that, these modes of 
Instruction' can be relatively successful if* the subject matter ±s 
systdnatlcally and Jjogically presented, This requires cfensideYable 
work on the pert of the Instructoif. ^ \ - . 

, ' ' • • ' / 

Evidence waB presented wfiich indicates that the complexity of^a 
sclencfe concept can.be important, in. addition to the reading level 
fli which the concept is described. This finding suggests that 
authors and teachers should ©be able to analyze .the complexity of 
science concepts In^ determinirig their Appropriateness for students, 
and* be able. to ptjoyide alternatives: We shall discuss thlsj point 
futther«,in ImpljLcatiojis fo€c^Teachers. * ' * 

. . . ' * * • * • . 

The evi^lence^, accor4;lng to EJaenhardt *s •atudy*^* suggests that 

etudentrs begin to improve their 'attitude toward" science .only after 

. 0Ot(ie ^hlevejpent has. been attaiaed* -These results tmve i^npbrtfgit^ %>\ 

considerations for ^it.ture studies of achievement, and attitudes* . * 



The research for 1977>^generally indicates that logical sequencing 
of science activities improves content achievement, although studies 
-bsrJJouglass and Nevlns provide evidence to the contrary, Indicating 
tIiat."^ul4:::^^posed logical sequencing does not necessarily Improve 
achlevementT^^^^T^he^-^eijtlre Issue o^> sequence as an Instructional varia- 
ble deserves more.atter 

Taken. as a whol&, , the 1977 research IncBc^tes t;^at nc one science 
curriculum is clearly superior to othersM.n provid4.ng increased 
achievement, uslpg present measuretaentis ok achievement. Yet,, local 
Situations appear to have a signff leant impact 051 the success of 
various science curricula* It is generally assumed th^t ;Jhen^ there 
are significant differences in favor qf a {^artitular* science prog?:am 
at a local site, differences are due the. uniqueness of that par tic 
ular site, the motivatio;! of the teachers, or the closer sdjuilarity 
bet^veen the achievement test and one .of the programs over the ot?ierr * 
This pQlnt will be discussed further, ^ ' - 



Conclusions , . ^ * 

What conclusions do we draw from achievement research? First, ♦the 
overwhelming evidence from the past six years of achievement research 
Shows that highly specific Instruction produces hlg^y specific 
achievement. This finding surprises no one; but what is surprising 
is that we contifiue^to compare students' achievement 'from two differ- 
ent program^ as though both programs were designed to produce the 
same effect in achievements We still appear to believe that one 
program will produce more — ^rather than di5f erent~achlevement, and 
we pass this belief on'^to teachers^and administrators. 

^^eCon<|l, the results of achievefaenj: research fv^ 1972 to 1977 demon- 
strate the urgent' need for systematic long-term assessment of 

. achievement. Other reviewers have pointed out the need for a • * 
theoretical framework, a view we ^holehear,tedly endorse; ^<bi>t the 
presence of a theoretical framework alone is not enough. Our failure 
to gather cumulative data Is very costly in terms of re^ea*rch dollars 
and Impact. ' • • « ' , ' ' - - 



Attitudes and Perceptions 



Looking Bafck; 1972-1976 " , • 

The number of attitude studies conducted oyer the past five years 
has remained relatively stable^ generally less than 30 per ^ear in 
science education, A brief consideration/- of the research in^thls' 
area reveals that some persistent methodological problems plague 
researchers. Yet in spite of these problems, **.we applaud the 
, efforts of all who have worked to quantify this qualitative , 
behavior called attitude. • . * ^ 

r ■ ' ... . 
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It appears that attitude research has attracted both creative pioneer 
who work from a theoretical base, as well as those who want to try 
designing their own, test. For this latter group most of the innova- 
tion seems to end with the design of instruments themselves, leaving 
the experimental design of the research studies very much the same: 
^ Does A prpduce better attitudes than B? 

Whiie most of the attitude studies are believed to have locally 
beneficial results (the favored program or method usually wins), 
reviewers of research explain that these studies add little to 
the development of a theoretical base or construct for attitudes. 

Beyond the five annual ERIC reviews with their sections on attitudes, 
two major reviews of attitude research have taken place during the 
past five years; both of these reviews were described by Mallinson 
In 1975 Snd were conducted by Gardner and by Omerod and Duckworth. 

From the reviews by Gardner and Omerod and Duckworth, which cover 
more than 700 studies, Mallinson reflects thQ authors' conclusion 
that "no one has really gotten a handle" on the issue of attitudes, 
We shall react to this conclusion later. 

Against this background,, the findings of attitude research in 1977 
are presented next. 



Thls-Year: 1977 

\One main^ thrust of attitude research ill 1977 dealt with the relation- 
ship between attitudes and instruction, with the Implication that a . 
.p^tr^cular curriculum or method led to an attitude change. We point 
thfs ot^ simply because studies of the relationship between attitude 
and other ^riables such as achievenjent were generally les? common, 
6f in the cas^of cognitive development, were absent. 

What did we find ou^, about €he relationship of attitude to instruc- 
tional programs or methods? .On the surface, it appears that nothing 
is new: ^ approximately 20 sfudfes* showed th^t a specific curriculum 
ib^ i^ethod produced a change In attitude and approximately 10 studies 
OTOwed lio attitudinal effect. ' . 

This surface appearance with its* l^cancellation effect" has often 
'^bWri interpreted to mean there ate- no universally beneficial 
'a'pproaclies, ^strategies, programs and so forth^ This view is 
.f>robably based on the assumption that any grd.up .qf individuals 
reiiulresdifferences .in treatment;* « o 

.As we dug beneath the surface of these attitude, studies, hqwever^ 
It occurred to us that, there -inay be Some critical or. key elefeeMs, 
perhaps few in ^nimiber, , which are essential if w^; wisT\.to encourage 
positive attitudes or 1£ ^p. need to ^^event oar . treat some negative 
•attitudes. ! 



These key. elements may exist to some degree in parts of several 
or many programs or methods. The essence of the elements may still 
elude us but that does not preclude their existence* To illustrate 
the point, let us look at some exaiaples. * 

First, a much stronger argument can now be made for saying that 
achievement creates positive attitudes and probably not the reverse, 
as ©any of us have thought. Eis6nhardt's data are massive in this 
regard (over 70,000 students) and cannot be ignored in future 
discUdsiOns. 

Clues about the characteristics of classrooms where students have 
very positive attitudes (upper 25 percent) come from students' own 
descriptions of tjieir 80 classrooms vhere instruction "moves at a 
slower pace; is more goal-directed, is less difficult, and where 
there is a bettrer physical environment and less favoritism" (Manley) . 
Additional support for specificity of performance objectives prpduc- 
Ing positive attitudes comes from Martin. 

We do ^not ignore contrary evidence which shows no congelation between 
college students' attitudes and achievement (Butzow) , that high school 
students^ attitudes are not affected by the degree of teacher struc- 
ture (Silbert), of that use of behavioral objectives does not influenc 
attitudes (Hass). 

Instead, interpret these no-effect findings to mean that the partic 
4ilar instt^uctional curricula, programs, strategies or methods used in 
tiioae s;iSecific studies are Indeed lacking in tJ^ key elements which 
do produce differences in attitudes among students.* 

If ve are to search for some key elements which do_ influence atti-. 
tudes, then we must look closely at those programs or strategies which 

/have the impact we seek, and attempt to isolate the key elements in 
them. . • ^ 

Rather than ignore negative data, we propose that researchers also 
try to abstract from no-effect . studies the common features or non- * 
key elements. In this manner we could progress in'-^our search for 
the key elements to attitude changes* 

There Is a second thrust that seems to be suggested by the 1977, 
dtudiea of attitudes. The line of reasoning goes something like 
this: (1) Science teachers perceive science as being more difficult 
than other school subjects, while school counselors do not; these 
same teachers see science students as being different (Wolff)^... 
(2) Science teachers treat students in their classes differently, 
initiating more interaction^ with students for whom they have higher 
expectations (Sayavedra) . . . . (3) Teachers and students do not' have 



*We acknowledge that measurement errors could account for 
differences in results, but argue that if errors of measurement 
could be eliminated we might isolate the key elements all the 
more quickly, if they. exist. 

♦ • . 



the aame perceptions of their interactions (He i ting) , or..,, (4) 
of their science progtam (Qriedo) , . . . . (5) Science teachers 
grade toore severely than their non-science colleagues, and their 
grading is positively correlated with lower enrollments in subse- 
quent or more advanced classes (Adkins) , 

As attempt to look at these findings in relation to the discussion 
o£ Eisenhardt's findings that ii^proved achievem]ent precedes positive 
attitude change, we are led to suspect that science teachers may ful- 
fill their own prophesy: science is iiarder and those whp succee'd are 
different, perhaps because they have been treated differently. 

What about the students who recognize that they have not achieved or 
thos6 who feel they have not achieved because they receive lower 
grades? According to Eisenhardt's findings, these students are 
likely to be the candidates for negative at Etudes. 

When we consider Manley^s .description of the 80 positive-attitude- 
producing classes, the descriptions sound like an environment in 
which students are achieving: instruction is slower paced, more 
goal-directed > less difficult, and there is less favoritism. Is 
this possibly a model for students of average ability? 

We cannot describe our line of reasoning as a conclusion. However, 
we suggest that It would be possible to explore the validity of the 
rekscaalng In a longitudinal study where individuals worked as a 
team on va^^us aspects of the problem and followed a population 
of Btudents over time. 



Conclusions 

Now we return to our major concern. Attitude research is chaotic, 
we believe, because we have allowed it to becom^^-sxK We continue 
to look for cause-effect relationships on a hit-or-mlss-J)asis; we 
should not complain about a little confusion. """"^^-^ 

Perhaps a medical analogy would be useful: when a microbiologist 
wants to develop a treatment for a new disease, the first step is 
to isolate a pure strain* of the disease-causing organism, A later 
step Is to systematically test all known antibiotics or possible 
combinationa o^ chemicals 4:cdi^flnd a treatm^t or cure. 

It appears that we ha^?&Ml^ attended to the first step very well: 
Isolating the att$ltude we wSltw^Do we generally agree that a 
positive attitude is circling "ha^pyv^aces" in elenjjentary school, 
signing up for science classes in high s^hoxjlj selecting science 
as a majoT^^at the university, ot any of a numS&r--of other behavioral 
Indicators? The fact that so many attitude tests exi^ls^nd 
continue" to be developed) suggests thdt we have not isolat^ 
^behaviors we are aft^er?. 




with regard to the latter step., we aren't doing very well either as 
evidenced by our hlt-or-mlss approach to research. It would make 
sense to get organized If we wish to find a way to treat "Bad 
Attitudes" or encourage good ones. Our hlt-or-mlss comparisons of 
attitudes, produced or not produced by programs A, B, C and so forth, 
have allowed many td 'conclude that any new program can win a popu- 
larity contest or that there Is no reason to believe in universally 
beneficial treatments of attitudes.' 

We do not conclude that any single teaching method or curriculum 
will be found to create universally positive attitudes* But we do 
think that, as researchers, we ought to be able to determine whether 
there are some elements which influence attitudes positively or nega- 
tively, and then perhaps develop ways to promote positive attitudes 
on an individual basis, and ways to treat those negative attitudes 
which somehow develop. 

To carry our medical analogy to its logical conclusion, our present 
efforts to find a curriculum or teaching strategy which promotes 
positive attitudes for entire classes of students might be compared 
. to releasing a vaccine in a room full of people in the hope that 
everyone would acquire immunity. 

What might be done to advance attitude research? In our view, a 
series of conferences on "this subject and perhaps a specialized 
journal would accdrd the recognition due the problem and the 
pioneers in this area of research. 



Instruction 



Looking Back: 1972-1976 

A review of the summaries of research in science education for 
previous years generally indicates that improvement in teachers' 
Interactions with students can affect the students' achievement 
and attitudes. The extent to which a teacher is aware of the 
content and technique relevant to a. learning experience appears 
to directly affect student achievement. Likewise the more positive 
tfie teacher's response to this awareness the greater^wilL be the 
-student achievement. Warm, supportive teacher behavior appears 
to help concept learning and reduce risk taking in inquiry. modes 
^^.^of instruction. 

Thes^e f inSitige^j^elnforce this view that a conscientious positive 
Improvejnent in the^eacher/s^ performance can produce correspond- 
ing desirable restilts in students. Much of the rese^arch over the 
past five years might be described as ^*f Ine ^unlng:" it maps 
_ specific effects of teacher behaviors on speciflic- groups of I 
students • ^ ^.-^ ! 



This Year: 1977 



The evidence from the year's research on instruction again indicates 
that the Interaction of the teacher with the students influences 
Student behavior. To cite one example, research in 1977 by Kadlecek 
ddnonstrated that openTiainded teachers caused students to model open- 
minded thinking. 

It appears that time spent on improving teaching performahce in such 
areas as questioning strategies and logical content delivery has 
desirable results for students. The continued -search for a best 
teaching behavior for all classrdoms reappepr's here again, Con^ 
tlnued research will profit greatly by Identifying optimum teacher 
behavior for Specific settings and specific student needs. 

The evidence from 1977 indicates that curriculum innovations show 
mixed results. In light* of the previous comments perhaps this is 
not surprising. The capability of the teacher generally affects 
the success of a curriculum. However, an interesting study by 
Orgren indicated that a mandated curriculum can affect high school 
science teachers^ behaviors. This four-y^r study demonstrated 
lasting changed behavior in the direction of the design of a curriculum 
which emphasized student activity Investigative behavior. It appears 
generally /that tiurriculum designers who include special materials to 
educate teachers on the exact use and significance of materials and 
strategics will have a much better chance of attaining their objec- 
tives. 

The studies by Howe and Mierzwa (H77) and by oilman (1977) indicate 
that significant 'Improvements in the ability of students to think 
more logically about science-related problems occur after the students 
have undergone relatively short-term instruction on specific tasks. 
Conversely, general experiences in activity oriented science did not 
Improv^ the students^ abilities to use specific science processes. 

Other jatudies concluded that diagnostic testing and mastery retest- 
ing dg Improve student achieirement. These results tend to reinforce 
the idea that specific skills can be learned best by students study- 
ing specific related tasks. 

The research for 1977 overall indicated that mastery learning and 
diagnostic testing can Improve student performance in science, 

Evidence from 1977 research supports the ijipoftance of kinetic 
structure as defined by 0. R. Anderson and the use of. advance 
organizers as defined by Ausubel. 

Overall the research of 1977 indicated that instruction which pro- 
vided logically sequenced information or information which possesses 
high kinetic structure will Improve learning. The Importance of the 
research of Placet in this regard is, to assure the instructor that 
the! content of ^he structure must be equal to the cognitiXre ability 
of fthe learner, 4 . 



Additional research by Linn (1977) reported evidence on teacher struc 
ture» It was faund that students who were given free choice In an 
enrichment program showed greater gains Irfioglcal/abstract reason- 
ings when some direct Instruction was combined with free choice • 
Perhaps these ideas hold the makings of an instructional model or 
paradigm of ^ the future, ; ' 

Research in 1977 on instruction pointed out that a high percent of 
oral Jnstruction occurs in high school .and college settings. This, 
of course, is nojt surprising. Additional research, however, shows' 
clearly that oral ins^truction is definitely directed to students of 
' high ability. An interesting point is that many teachers in th6§e 
settings beliwe tii£y are treating students equally. 

Belting: (1976) demonstrated that teachers^ perceptions of their inter 
action with students in science classrooms significantly differ from 
those of their students. Again these results indicate the importance 
of the awareness on the part of the teacher ^ The evidence for 1977. 
suggests that teachers are capable of recognizing and classifying;^ * 
their own iater^ctions In the classroom if provided with proper Craln 
lng#. Additional research also showed that teachers are capable o^ • 
changing their behavior — at least temporarily, in tjie classroom, 

jMditlonal research for 1977 focused on individual Instruction 
including computer assisted Instruction, programmed instruction' 
and audio-tutorial instruction. It is recognized that good indi- 
vidual instruction also involves taking account of 'the personality 
and aptitude of the learner. 

In looking back over the research on Instruction, we are reminded 
of a parallel- in the energy problem facing our nation and the world. 
If ±s"^ complex problem. Various sources of energy are available 
for use ar\d some forms are yet to, be discovered.. Which form shoul4 
be used depends on local and national needs. People debate over 
which "form is safest, most economical, anc^ so forth. No one person 
can supply an answer nor does any single^energy source suffice.^ 
Answers to the problem, however, are vital and djemand ongoing study, 
perhaps through careful collaboration and fact seeking, we can 
eoojerate to find the satisfactory solutions for general and local 
rieqds. 

Conclusions * ' • ^ ' 

As one examines the research over the past five years and. present, 
the need for testing a theory of instruction becomes obvious. Such " 
a theoretical' framework is, essential if future researchers are to 
make collective and comparative studies of instruction. We shall 
refer to this point in Implications for Researchers, 

Research reveals that the^teacher is important in affecting tl^e 
outcome of the instruction wl^h students, i Such a statement is 
redundant at best, hut it, is important. It indicates that there is 
4nore to science ln9,tructlon than simply "transferring information," 

80 ' ^ , • ; 



Teachers have been able, with proper Instruction, to recognize defi- 
ciencies In their questioning behavior. These teachers have been 
able to make Important , Improvements In this respect according to 
short-term measurements. 

The research for 1977 generally supports the hypOithesls that 
Instructional information should be logically sequenced to maxi- 
mize learning. Some research, however, indicated that sequencing 
was not important. It has b.een our observation that some textbooks, 
for example, may appear to be organized into chapters which, progres- 
sively build on previous chapters. Yet, on closer examination, the 

^actual linkage between chapters may be slight or non-existent. In 
fact teachers may use chapters from some texts in mixed orders oi: 
even omit chapters. Even within chapters there are often gaps In 
the logical sequemcing of the subject matter 'of science. Tne^ ^truc- 

^ture of science is rather like a web of facts, concepts, conceptual 
schemes, and theories. Perhaps logical sequencing can only oie accom- 
plished for small p^rts of this web. Additional research. pf the 
problem of lojgical sequencing as it relates to instruction' Is 
warranted. 



Implications for Teachers 

What are the implications of this yearns research for 'teachers? The 
primary implication is that student learning basically proceeds in 
the directl6n of the teacher's objectives. Obviously the formation 
of these objectives by the teacher is of paramount Importance. If 
. teachers wish students to use and understand the "processes bf 
. science, they must have experiences which directly relate to these 
processes. If the teacher decides that a certain concept of science 
is important, then the teacher must plan for appropriate experiences. 
If a new curriculum is imposed on a teacher, and the teacher has a 
neutral or negative attltudS,, there is eyidence that students will 
share the teacher *s attitude. The evidence indicates that an open- 
minded teacher can promote open-mlndedness in students. 

Clearly then, some teacher behaviors or models can produce cprres- 
ponding behaviors in students. This is pot to say that- a teacher 
must constantly dominate instruction. Rather, it implies that it 
is the teacher's responsibility to provide the desirable setting. 
Current research indicates that student-structured learning and 
teachers-structured learning are both needed.; 

The research in 1977 in science education also indicates that . 
teachers' perceptions of the classroom and the students' percep- 
tion of the classroom are often quite different. Evidence was 

. also presented that students for whom teachers have high expecta- 
tions receive considerably more teacher contact than students for 
whom low .expectations are held. Thus it is th^ re§ponslbllltv of 

, the teacher to be aware of the potential for differences in percep- 
tion oiT . expectations and^ to act appropriately. 
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Evidence from 1977 research and prior years indicates that activities 
which contain logically^ connected links of information influence 
achievement. The success of these connections appears critical in 
teacher-imposed settings* The research also suggests* that the com- 
plexity of a science concept can be a barrier to understanding the 
concept just as reading level can be, Te^achers need to look beyond 
the reading level of written material' to examination of the, except 
Itself in making decisionls about appropriateness. However^ teachers 
will probably need training in order to analyze the cog«4rlve complex-- 
Ity of concepts or to know how to provide critical linkage between 
concepts. Thus, the • Implloat ions for teacher% also apply to teacher 
educators. • 



Implications for Researchers 

The most serious problem facing the research profession in this last 
quarter of the twentieth century, in our view, is how to. deal with 
the knowledge explosion that has been brought about by the *trrend 
toward multivariate research. " ^ 

V 

The introduction of more elegant statistical pr6cedures, wivlcl}^j.j5re 
now commonplace, has given ui^ more information for our resdarhbs'^ 
dollar and, at the same time, overwhelmed our traditional system 
for reviewing and synthesizing research results. Very simply, we 
are living (or researching) in a fhultlvarlate age while we are 
still trying to synthesize and communicate in a univariate language, 

What is the evldenc^ of this problem? To Illustrate, we have identi- 
fied 35 studies in Table 1. This Includes all of the experimental 
studies in elementary science education conducted in 1977, as stored 
by ERIC. (Ex post facto studies and surveys have been excluded.) 

In the third column from the Irft, readers will fdnd the list of 
dependent — or outcome— variables reported by each author. About one- 
third of these studies have multiple dutcomes. ^ To save space, we. 
have not listed the array of demographic variables which were also 
controlled in each^tudy; Instead we have simply used an asterisk (*) 
to IndJ^cate studies which controlled multiple demographic var.lable^ 
(as indicated by their ERIC abstracts)'. Over half of the studies 
have multfple- demographic variables. 

Only 9 moment's thought is needed to get a s^rfse of the problem. 
Every study with multiple variables — depen;dent- or Independent — 
could be reported "ot synthesized wltjiln iS group of studies .focused 
on that one variable.- The study l^^HSrocker et al.^ for example, 
could be discussed, reviewed or s^m^Jjesized under achievement, 
attitudes, locus-of -control , self -concept, 't^sk preference, and 
grade level (elementary) as well as several other demographic var,ia- 
bles#' 

The Complexity of the -probiera is only partially related to the number 
of repetitions that .might be necessary. The other factor contribut- 
ing to the problem is that multivariate research typically shows 




.Interactl'dfe among dependent 's^^rlables. An example might be:^. , Method* 
A produces positive attitudes li> all black male elementary st\Mfehts, 
negative attitudes In white "males of upper elementary grades only^ 
and neutral attitudes among all females of^both racial groups,! .r^egard^' 
less of grade. Achievement patterns might differ from attltudte* 
patterns amohg these same subgroups. Awhile It Is quite eafsy t^h' 
* describe such Interactions for a slfigle study,* Vynthesls pf.se-^^eral (" 
studies Is 'difficult. ^ ' \ 

• . * t' 

Readers are accustomed to^ unlvardate'^commvinlcatlon: r^portlti^, ;revf'ew| 
Ing and synthesis^. . Thigy* expect to find Some rather clear 'impllcat±pns ^ 
from traditional resea^cli categories llk& achlevemen'j: or attitudes ;* ' | 
and would be overwhelmed by a computer search that ^^ppehed tlie flood S 
gates" with all of the studies whlc^i listed achievement .as 'one of 
several descriptors. . * 

It appears to us thaft other reviewers have faced this problem In 
research review* and synthesis just as ye haye.- We found no imme- 
diate or easy solution, but suggest ^^heYe are many parallels between 
this problem and other similar ptobl'fetn^ faced In science, 

\. ' \ • 

What is the consequence of not at'teftding to. the problem-;-of not 
"getting our house In order"? When reflect on the Amount of . * 
^.nformatlon that will be. iQst, the t'Kwght ybf not keeping track 
^of the results .reminds us of the, rea^'tlon 6f raan^^ adolescents faced 
with Plaget's combinatorial task^witli f Ive^ uoloriess liquids. When 
asked to find the combination of' ch^r^cals that wll*) .yie^ a. yello^ 
color, student? who" are unaccustomed to combinatoiial l^'dgic are 
overwhelmed by the possibilities an4 lose traqk of* the number of 
combinations they haye. 'mixed. , ^ • , 

The overriding Implication fot.\ r'e^earcli 15; that we must •fAce ^the ' \^ 
f§ct that we have entered a-miiltlvAriate r'esearch age, that we 'are 
still attempting to""6ommunlcat:^ ilf/a univariate languagfi?, and noV 
we must reevaluate our prioafit'ies ghd processes of fcomlaunication, 
if- Ve expect to make uJsfe 'pf or k^ep up with the new knowledge th*at « 
dLs bfelng produced i><f. our T6aearch tJechqclogyr . 

Tb^e. is* a secpnA problfera which has concerned rdSfearchers for muph 
long;er than th^vpne v?e^ave jus^t described:" ijt rLs the "general lack* 
of theory among raaBy.Vres^arch *studi More Recently, there^^ls. a 
^relkted coflcernvabo'at^tihe ^decline in basic or 'theoretical rese^ifch 
itself. > . • - . . ■ • • 



It may appear, to be a tradltioii '^.r^jong T^esearcli, reviewers -to express 
concern about the lITck" 4^^'^lieorerfcica^ foundations, mpdejs^or ration^ 
alea afeong the studies. -tliey rev::^^*jCNovak, 197?;, JiO.we* and DeTur^',, 1973^ 
iiextor}. et:al., 1974*, ^^alldT>spn^;;;l^^^75;^ al..,* 197&). But* th'elr^' 

dqncern is getiu.dne, not. e&pjy jS} .txV^it^on* How. is it that^ a prof^s^* 
siofe 'J^lg^ /rates "appl*±cati6nl flC^/x^^$e^^^ among -Its higfvest 

"^rjloritle^ xan at the same /t^ite .^{Jiisistenjtly dlspait over theoretical 
Bfiat,ter^5?;j Iher^ .mayVb^ ^a clud"^ tn' tfife'^fdlfj^wing event » ; • - / 



While VNARST monbers wer^ aittejiding, the ^9^7 'annual meeting in 
ClticiTOiati, Fred N.* Kerl^tnger (1977) spoke of his concern* atrbut 
the de*^llne in basic res^rch,- and talked about the deleieriotis . 
consequences of 'the pragmatic-practic&l notion that resfeafrch 
shpald have "pay-off"^- ana be "relevant*' to classrooms, as he 
delivered his presidential addifess at the AilRA annual meeting in "^^^ 
New-yor^ City. ^ , ^ ^ ' * ^' ' 

.The pragpatitf-practical vlj^w that research should, pay off and be 
relevan|t is a majat obstacle to research influencing educational 
practicf^'in the long run, kerlinger argued, as he cited strong 
empirical, evidence which s!^owed clearly and unmistakenly tHat basic 
researchvihas been much more, Important, than applied research in its 
itltlniate';AijapacJ: and inf luen^0 on modern applied clin}.cal (medical) " 
pract^ce*.!;^ . In other words, ^£E, you want .to incre^se^he influence of . 
research ,t^n medical practic^ invest in basic reseatxjh-r-not .applied 
i^search^**,. Can we assume thette is a Parallel in educational, practfice? 

' \ \ ' '\ ' \ ' ' ■ . 

Peirhaps^ in^ our eagerness to rave research* befrvfaore ap^jJl^cable to^' 

science claWroam^, we have festered more appHed'resea^ch^ than^* ' » 

Wsic'^, research by encouraging lOur graduate fetudents -tij^eavc}} for, 

immediate "solutions to educatil^jial problem^* qulck**glan(?!g*'at irVie 

biblUography^^ of the present review may suggest a'^g^eat;^r popblar^ty . 

of app-lled research..'* V * ' ^ • * - 

Llkew{t^e> tlirbugh federal fundmg. requirements and ^^^e'ctive * v;^'^ 
criteria^ we appear to foster aiclimate wher^ af>pli^ rese^l^ch 
predoiiinates ^d ^where, basic re^arch, aiiied &iinpL;;^3^t ^dei?stanilng 
phenomena, is j| luxury that mu^t\be Supported J^y' f)^lvkt^f foundations 
or oat^^of one'^( own pocket. \ • . . ^ ^. 

If in f$ct ther^ is a serious' decline in basket '^purfe^-'; bi^^^heoi^eti- 
cal' res4arch, a^ Ker linger * has suggested, tlTe^^pu^H^-pjjlll toward applied 
research^ is certainly understaiidabyLe-*in the ^fiSnt^t'^oi th^^ economic ^'?»'' 
pressures of the^l970s for accpun^abtXity theM^cwtgre^s,^ g<5vepnmei?t« 
funding agencies ^nd local scftool tMstricts;!; j , « ' • - 

I . * « - \ " « ^v^j ■ . ^ \ - 

But^^n alleged deSllna^ in basic, res^at'ch. cantiot^'^fully explain the # * 
apparent lack of meofetical bases op fi^ameworkS^^oVieif/the past^fdve' 
years of res^aTch,^^% even applied r6seaT(Sjth .b^an^* Jiave? *sf theot^tfcal' *\ 
basis. We must ask ourselVes why this pr6j)ian; persistl. Howi^di>es . * 
the training of graduate at^dents pe^petu^tV tlai^ ^weakness in»* - * . 
research that we ourselves have recogjii^edlj' 4^ &riel«^:^view o| * 
several textbooks on research method^r^J^f^s fh^t* ^udy a^tfetials ^ 
on the JTole of theory in research^i^jfe^ available.** Wfeat:«ngeds^o 
change? What ^incentives axe needed?^' * Wh^ s.tandard^^^lf* excelW^ce o 
shall we enforce? These and similarVfuesttbiis desefr\re^ a.tteiition 
before another yeaif^gpes tjy*/and attdther* annual erevUew'ibf rie^earci^ 
goes to press. ' ^ . .^r * 



l?hat other problems need \o bjS jiHireas^^^iy, .researchers,?''" Several* 
challenges were describe earlier in CON&.1JS10N5^^ Xp repeat, there 
are critical needs for longitudinal studies, "integration of efforts^* 



thtough t«ain appiroacbes. to problems, and sy^t^atic study. within . ^ ^^V]*' 
theoretical frameworks* An example, based these three critical 
S needs 'was cited in an. earlier section' entfitl^^ Cognltiy^ Develop^ 

* m:ent (Phyiogenetic model) ' There mayoalso be. a ne^d lift new, more 
, spepiali^jed research journals directed^ for example^ '^'^^jwardjattd?^ 

tude. research or cognitive development or for. confeferices .called 
specifically to focus. on these same'or similarly narrow areas of 
research* ; ' . ' " 

• We have t.alked« about the probl^s that we face as researc£hers o>^<^ 
legist as "fchey 'appear toc»us. •.But .that does.not mean'we view'th^ ' 

H science^ e\iucation research ^terprise negatiVely or think it is 
' \Jn troubl^. Oiv the who 1^/ we wdre impressed by what we read and * 
V found many fine e:^ples df excellence fn'.research^- And while 
there ..^r^ clearly areas 'which, nfeed to grow, there ar^ ^Iso ample 
si^ns of growth within. the profession. In oi^r vie^^r, 1977 was a 
■ good year I , ^ ^ ^ ' ' • . 
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TABLE 1; EFFECT OF MULTIVARIATE STUDIES ON RESEARCft ICEVIEW 

K ^ ' Xnd synthesis 



.-Sl Includes* all (35) exp^jrlnieixtal studies abo\it science education in' elemen 
' . i . *tary s.ch6ols in 1977 ' ^ 



Authot: 



Independent 
^ Variable* 

1 A/ . 



Dependent 
Variables 



Statis.tical 
^ Result 



Studies Where Achievement is One Outcome: 



(?arrol4 

•Cotttill ' ^ 
Crocked 6t al.* 



♦ 

Dickson 

Ferraro et al.* 

Glasser 

Hoover 

McKee 



McLaughlin 

Neyins 

Schilling 

Spraguex 
Sanson 

<< 

Vanek & Montean 

Wilson &' Koran 
Wuhl 



*Bio logy " Con c ep t s 

pirect?4Endirect 
' Approach 

Teacher ^Structure 



Use of Docent3 

Te:acher Training 
in ESS/SCIS 

Contept Structure 
*LAP Curriculum 

SCIS/EIS> 
*Teacher Structure 



*NASA-SSEP 

Learning Sequence 

•*Lessons/Individual/ 
Grouping 

*Student Verbalization 

Individual SAPA 

*ESS/Laidlaw 



Hypothesis Training 

Individual vs. Group 
Field' Depend. /Indep end. 



Achievement 

* Achievement 

V 

Achievement^ 

Attitudes 

Locus of ContVol 
\ S^lf-Cpncept 

Task Preference 
* • - « 

^_Ac hi evemen t 

Achievement 
' Attitudes 

Achievement 

• 'Achievement 

" Achievement 

Achievement 
Problem Solving 
Cognitive Develop. 
Motivation/ 
Attitude . 
Conf idenoe ' 

Achievement 

Achievemeht 

Achievement 

Achievement 

Achievement 
^ Attitudes 

Achievement 
.Attitudes 
Cognitive Develop. 

Achievei^ent 

Achievement 



Mixed 
NSD 

6 

Mixed 



SD. 
NSD 

SD 

Mixed 
N$D 



SD 

NSD 
Mixed 

Mixed 
Mixed 

NSD 
SD 

Mixed 



♦Studies have multiple demographic variables (eg., age, gender, I.Q.) cbft- 

jtrolled' but unlisted to save space; only treatment /independent variable 
. i's listed. 8JL * 



TABLE 1 (continued) 



Avkhor. 



Independent 
Variable* 



Dependent . $*tati|tical 
Variables \ ^ Re,s|lt 



Studies >?here Attitude is One Outcome : ." *^ 
Abhyankar 

.•Bath ^ 



^Teacher Structure 
*Open/Closed Classroom. 



Crocker et al, 



*Teacher Structure 



Dickson 



Hofman 

Jaus 

McKee 



Teacher Training 
' in ESS/SCIS ^ 

SCIS/Textbook 

Active Science 

*Teacher Structure 



Shaim • / 

Swanson 

Vanek & Montean 



USMES 

Individual SAPA 
*ESS/Laidlaw • 



Attitudes 

Attitude 

Self-concept^ 

Persistence 



r.- •• 

WiSced / 
Mixed 



Attitudes Mixed 
Achievement^ 
Locus^of • Cpotrol 
Self-concep'tt ' /. / . 
Task Preferjence 



Attitudes 
Achievement 

Attitudes 

Attitudes 



NSD 

SD 
SD 



Attitude/' 

Motivation 
Achievement 
Problem solving/ 

Cognitive Develop 
Confidence 



Affective/ 
Cognitive 

Attitudes * 
Achievement 



Attitudes 
Achievement 
Cognitive Develop, 



Mixed 
Mixed 
NSD 



Stfudies with Variables Other Than Achievement and Attitudes: 



Alle;^ 

Deyermond 

' ^ . ^ . ^ <^ 

Edwards 
Eslen et al^ 



Teacher Structure 

*tS'S Units 

Taken Reinforceme^. 
*SCIS 



Disruptive 
Kehavior 

Cognitive 
Development 

ProductivSty 



SD 
St) 
SD 



: Reading Readt- SD 
ness * 
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TABLE 1 (continued) 



Author 



Independent 
Variable* 



Dependent 
Variables 



Statistical 
Review 



la tr Id Is 
Johnson 
Linn et al» 

Mansfield 



Curriculum 

Cognitive Conflict 

Free Choice/ ' 
Direction 

*ESS ' 



Penlc.k & Shymansky ^Ability /Teacher 

Behavloi; 

Qulnn & Kessler ^ Inquiry 



Swift 



*BSCS/ESSP 



Curiosity SD 

Cognitive Develop. SD 

Cognitive Develop. SD * 

Verbal Skills SD 

Student Behavior Mixed 

Language Develop-- SD 
ment 

Listening Skills Mixed 



SUM EFFECT OF OVERLAP AMONG 35 STUDIES ABOVE WHEN 
ONLY DEPENDENT VARIABLE IS REVIEWED 



Achievement « 

Altitude ^ « 

C6g^tlve " , , 

,* • Development • = 

Seif-Coiicept . « ■ 

; tiOne/Twb-df^-Kind = . 



17 studies \ 
10 studies (5 new; 5 repeat) 

7 studies (4 new; 3 repeat) 
6 studies (1 new; 5 repeat) 
10 studies * 



Total -Qri^in^l- OS? - . . .50 studies to be reviewed/ 



synthesized 



^STUDIES IN TH1$ SECTlOj? "AJKS 10 .PERC^SlT OP *TOTAL 



NUMBER' TO BE REVIEWED. 




■t 



REFERENOfiS 



Abd^llahi, Aliuy* "*A Determination of the Relative Impofrtance of 
• Selected Chemistry Theories and Laws for Possible Inclusion 
In Nigeria* s^ Se<;ondary School Curriculum. (Onlverslty of 
Wlscousln-Madlson, 1976 o) Dissertation Abstracts International, 
37(9) :.572f&^A,' March, 1977. ' ' t • ' 

Abhyankar, Sudhlr Bhal-chkndra. "A Comparative Laboratory Study of 
the •Effects of Two* Teaching Strategies on Sixth Grade Stadents' 
Attitude's and Self-Concepts In Science," (Florida State Univer- 
sity, 1977.)* Dj.^5sertatlon Abstrac.ts International , 38(4): 
2023-A, Octob^, 1977. 

Adkins; Tommy Paris, "Ease of Grading and Enrollments In Secondary 
-School. Science In a County School System of a Midwestern State." 
(University of Akron, 1976,) Dissertation Abstracts International , 
^ 37ao):6389-A, April, 1977, 

Aga;i:wal, Krishna K,' "A Study of Certain Tfiou'ght Troces^e^ of Students 
Related to Concepts Included in a Physical Science Audlo^Tutorla^ 
Course for N4)n-Sclen<?e Majors," - (University jof. Maine, 1976.) 
Dissertation' Abstracts International , 37{l0) :6386r-A, April, 1977," 

Ahrens^ C, Don§rd, Jr, "JYour Atmospher^ — A De^rlptlve* Introduction^ 
to 'Meter^liDgy,, " (University of Northern Colorado, 1976,) 
Dissertation .'Abstracts Internatioaal y 37(7)<4251'-A, Janttajfe^ 

■ ^i^len, ^Thoma^ Ewn,, ^'-"^ S,tudy of. ^e Betjxaviors of Two Gi^)ups of 

Disrupt iVQ* Children 'Hhen Taught witlj^ Quantitatively Defined '•N^^ 
Strategics: Dlre<ftive vs,» NooxDlrecipive 'i;e§chlng;I' (Florida * \ 
: St^te Uni^ersrity, 19760 ' Diss*ej?tatloh,Abst'racts Intemationajk » \ 
37C7):4252^AlUanuars\ 197?^ ' \ ^ ' / ' ^ ' . '\ 



. Anderson,* Irudy Lane Spinl;s.' . "Int.^^ctive* Effects of Achleveaehftt^ * 
. lfo1:lV^titin and'%^ching Sfyle^cn Acadi^ld'AcJi}.eveme^t Ip,^* * , 

/ filghth^Gi^de Scl*€gRce Classes,"^' (Auburtr tnlYe^sity^ 1976^'-) , v 
Dissertr^'tion AbSfi:*racts ^International , • 37 (J,2) ;\7665-A^ Ju^,-1977\ 



4' 



\ 



^ ^ /-^ Anthony, Robert John, *§v\ 'J^ ^pmparatlve SrCu^x ^'^^^^'^^^^^^^ 
^•^•'^ 4. \ tJonventional tercture MethX)d .o-f Instyi^ctficifi' in Bj^pXoglcal • 

^ 1* ' . / S^clence Courses, for Hon-&::ience -Majors .at Jacksoii State 'Unlyer-^ V* 
• ' • sity," (Universityjk<||^^!quthem Mi^siss^pi, 1.5?7..;! . Dlaj^rta- ' 
4^^^ ^ . tix)n Abstractg.Int^gtnetloQal ,' 38(5)^^6&2^A; Noveinber^k^ X977I,' Y 

• ' ' ^ • ^ • * ^ ' • • * " ^ * • , • . \ . 

f Bady^ I^ichard 31 "The .Develojrtjent of tfypotheslg Tfe^ti^g' and; Correlar/ 
tional JJ^aoning." .Paper present^ at the annual ra^€t±^k of-t;he 



■r' 



5dker, Floyd Donald* "Perforaance in College Physics Course for' 
Science Majors as Related to High School .Physics Program,. 
Instructor, ancJ College Instructor " (Claremont Graduate School, 
• 1977.) Dissertation Abgtracts Ihtetnational- , 38(4) : 18,46~A, 
October, 1977* 

Balogun", Taju Adedokun. , "Performance of. Some Nigerian Students on 
a Topography of Instructional Control i^ a 'Science-Subject . " 
(Columbia liliiversity Teachers College, 1976.) Dlssei:tation - 
Abstracts International , 37 (10) :6233-A,. Aprils X977v 

- , . • :// 

Barnes, George* ,^'I^cores on a Piaget-Type Quest ionnair<^ Versus 

Semester Grades for Lower-Division College Physics Student^/ 
" ^American Jpurnal of Physics , 45(9>:8jil-847j September, 19773 

Bafhv John Barry*. "Thp Interactions of Studeht,*'Tr-aits and Glas^*ro®m 
. Openness, with Self-Concept, Attitude Toward School,* Creativity 
.* and Cur^iosity and Persistencfe*;'iji a Science ^x^^lo^iation 'Le^Qn. " 
(Syracuse University, ^976.) Dis*sert^tion Abstracts Inter- 
national , 38(5)r2682-rA, November, 1977. . \ . 

^ ' - . - . * • • • •* • 

Beane, William* Edw^d. » "Lif e .Hlsfory *an\l Personality Variables in 

Scientific Ap t ai^lment . " (University of fexas at Austin, * t976, ) 
Dissertation Abs&racts International , 37(8);4210-B, »Febru^ry • 
. ^ 19Z7.. . * * , ' . • 

Benson, Geoffrey W. "Hierarc;hical Learning in ^Electrical Science." 
Journal of Research in Science Teaching , I4i'2yrlltrl27, March, 

' '• :'■ . • • ' ■- • ■ : 

Benson:, James Edwin* "The Use of Corflputer Simulation and Biomathe- 
tnatic^i Models ^f jar Mafehfematical. Instruction of Undergraduate 
Bi51ogy Students.'^ ' (New. York University, 1977i ) ^ Dissertation 
Abstracts Ihternatlbnal , 3B(4^ U9*5i-rA^ •''Octfbber, 1977. 

§en-ZVl; "fiutfe -and otiiers. ^*Mod^s of Instruction in High ^chooj 
. Chemistry^", Journal of Re^eagcK in-'^cience^ Teaching , ^4(5): 
633-'-^39, September,- IsTT?* - " ^ -'^ ''T"/ • ^ *- . 



Bergel^ Steven Teter. "The Effects of Micro- Teajch'ing on-" tfie, .^^itudes 
of Pipe-Service, El^entar:Sf teacher s*^ Toward t^e Teachin^^f Science^. 
(P^enhsylvania State University, 1976\) Dissertation Abstracts 
Ijatemptlonal , 37<11) :7054-A,. May , 1^7?» V - ; " I . 

; * . / . * 

BeifkowitZj,^ Melissa S T and .^Michael i^abo . "Individual ^and Dyadic 
^ ProbleS* Solving on a Computer Based • Task '^as a Fuiiction^f . * . 
> fj^'tal Ability,.^* Paper presented" at ch*e.!annual meetin^of 
tjfp Natiohai^'ii*^so4:iat-ion .for^Research indolence Teaching.^ 
- cinelnnatir Ohio-,' ifarch -22^-^24, 'i97-7 !i . . 

\y:j:'S^39/m . • ' . • . ; . • ^ 

,B±^^ : John. Arl^^r t * . ^^^tssiulty , Intf^^^tion and Xim^^iacy Science 

,Educa&1,0tt; a Philo$pph±c^l*lPerspectiyV.''^^^ Cali-^'' k • 

X , l^ktii^s SanW' Barbara, 19J^.^r Dissertation Abstracts. Inter- . 
- :3B(-frl^l^3Sg-A^ .^Pgcerofaer^ 1977. - * " * 



Blake, iSiithohy John Dyson* "Relationships Between Science Instruction, 
Cognitive Style and the Development of Formal Operations in Aus- 
tralian College Students." (Purdue University, *1976. > Disserta- 
Hon AbstractS^.International , 37 (8) :5011^A, February, 1976. 
* * * ♦ * _ 

Blatt^ Rita tS.. "An Investigation of, Chemistry Courses for Nonscience 
•Majors." JoOrnal ef Chemical Education , 54(2) :89, February, 1977. 

# 

Bolesky, Edward "MichaeL. "The Influence of Electronic HandrHeld 
Calculators on Cognitive Achievement in Chemistry," (Boston 
College^" 1977.) Dissertation Abstracts International , 38(3): 
'1319-A, September, 1977. • 

Bproughs, Ralph Zeigler. "A Survey of Principals'* Beliefs About- 
Elementary School Science Implementation." (University of 
Georgia, 1976.) Dissertation Abstracts Intematiqnal, 37(8): 
5012-^, February, 1977. ' I ^ 

Bottomley, Jennifer and M. B. Ormerod.' "Middle School Science Acti- 
vities and their. Association with Liking for .Science*" ' Education 
In Scieilc^ , 74 ; 23, » September , 1977-. 

^Bredde;:man,. Ted. "Adoption of Science. Programs — Another Look»" 

. Eleme ntary School Journal , 77(5):364^3, May, 1977. 
. ^ —7 — ^ 

'Brown^ Rather G. "A Study of Internal, Student Transfers from Natural 
Sciences 'in Six Predominantly Black Colle'ges ahd Universities," 
^ (American University, 1977.) Dissertation Abstracts. Inter- 
national, 38(3) :1320-A, September, 1977. , . . ^ 

§ro?m,,' Sally 'A. -"A Review qf^the Meanings of, and Argtnaents for, 
•^•.Ixslregrat^d' Science."* Studies in Science Education , A:31-r62y 

-SrownV' -William R. . "The Effect- of Process-^Skill Instruction on , • - 
' P^xf orflance. Qf Preservice -Elementary- Teachers." .Journal of 
\ ' Research in Science Teaching, i4(l):83r86, January 1977 

BucTciey, Edward Albert. ; "The 'Effects, of Teaching Selected Topics 
in Elfemenfary ^gebra from Concrete Referents in "the I'orm of 
.Related Physical sicience" Application^ in a CoiMunity Cbllege 
\ - Developmei^tal, Program." (State University *of->Hew York at 
" * ^ AlbpJtiy*; ^L9?7 . ) - Dissertation Abstracts -IntertfationVl ,- 38(5) : 
2624^Av- November, -1977. ...... ^ . '\ ^ -J'' 

Bjaethe/- Chris ^d rvan;W.' Bates* ' ^'Th6 Status and Needs for Aero- . 
,/spdce Education in^ .Indiana Schopls.", Indiana State University j,* 
. Terre^Haute, 1977/ ^ . ^- * ^ 

\ED 146^5(V'\ ^ ^ . 0 

:Bunge^ Mark Monroe. "Using Hand Motions to Stimulate Visual finsgery in 
, ±a a^* Physical* Science blas^rpom.'^ (UD±versfty of California, 
.^Be'rfeley, 1976.1 Mssertation ^st-^^t si International ^ 37(9): 
^-r 569i-A,;March,.1977. \ * _ v ^ • 



Buravikhin, V. A. "Science and Education." Soviet Education , 19(3): 
86-96, January, 1977. .. . 

Burnette, Walter Neal, Jr. "Use of the Planetarium^ in Changing Atti- 
tudes and Achievemenb in Earth-Space Science Education." 
(University of Missouri-Columbia, 1976.) Dissertation Abstracts 
Intema^tional , 37 (9>.:5726-A, March, 1977,. 

Butler, Ralph Richard. "The Effect on Attitude and Achievement of 
. Weekly Lectures in an Individualized High School Chemistry 
Pi:ogram." (Brigham Young University, 1976.) Dissertation 
Abstracts International , 37(9) :5555~A, March, 1977. 

Butts, D. and others, "Priorities for Research in Science Education." 

■ P^er presented at the annual meeting of the National Association 
, for Research in Science Teaching, Cincinnati, Ohio, March 22-24, 

; i977. " ' 

ED 139 633 ' 

• ' y 
Butzow, John W. and others. -"A Study of the Interrelatinn.s o..f.At:ti~ 
tude and Achievement Measures in an Audio-Tutorial College 
Chemistry Course." Journal of Research in Science Teaching , 
a4(l):45-49, January, 1977. * 

• ^ " 

Buli^ow, Johif W. and Clarence M. Williams. "Toi^ard a Definition of 

Involvement: Translating a Humanistic Concept into a Behavioral 
Model." Science Education^ 61(4) :479-490, October-December, 1977 

Calcote, William JenAiags. "Teacher Perceptions of Environmental 
. Education Concep'ts iit Prograips of Biological Science Instruc- 
tion in Seconday-y Schools." (Auburn University, 1976.) 
Dissertation Abstracts International , 37(7) :4260-A, . January , 
1977. • ' 

; 

Campbell, ^Rl^chatd L> and Lui^ Martinez^Perez. "Self-Concept and 'Atti- 
tudes as' Factors in the Achievement of Preservice Teachers." . 
Journal of Research in Science Teaching , 14(5) :455-459, 
• Sept^^ber, 1977. ' • 

Campbell, llichard L. and James R. Okey* "Influencing the Planning 
% of Teacher^ with Instruction in Science Process Skills." Journal 
"^^ of Research iri Scienx^ Teaching , 14(3)^231-234, May, 1977. 

•Caple»j1^illiaflj R. and ETavid P. Butts. "Evaluating Tea<ihgrfi* Usfng 
' l^eacher* Perfotrnmice*" Paper p^resented.at- the annual meeting, 
of. the Nafcioaai Association for Research in Science T^aching-,^ / 
;Ciiaciimati*, Ohio,H3roh 22-24; 1977. • * 

ED 139 630 . • * ^ \ • 

Carlson, Marthena* *^Sex Differml^s itf Perf orfaance, on the lEA Science 
Test Items.", (Univaxs^fey of Pittsburgh, 1977..) . 'Dissertation 
Abstracts International ,* 38(4) :2d66-A^ ^October^ 1977. 



Carper, Howard Hdwtori, Jr* "'A Study pf the Acceptance of Selected 
Sciet^Q Mis;fei)nceptions^'An[iofig Element ar^-Sehpolf Teachers in 
\Eaatern-4teat_Virglnia." ^ Ifniyersltiy, 10^.) Disger - 

• tat'lon*Abstrax:tV^te'rn^dojlali^''3^^^ Janyary, 1977. . 



Carroll, James *THomas, III. "The, Level of. Cohcep,t,Att4limenF~o1 
Three Biology Concepts in the.Fifth^^Eighth, iand Eleventh ■ 
-Grades.*' (Tfexas A&W Uriiversity, 19767) ^ Bis.sett^tion Absti^acts^ 
. International, 37(12).:t50?'-A, June, l^WT' ' ] ~. 



V 



Carter, G, J. •"Nuffield Cot)bir>*^d Science, in th^.C^iSffreiiensive J 

School — A *Survex-&a'sed Enquiry w" Soffool Science Review, ,^OT2b5).: ✓ 
754-760, Juh^, 1977^ , ' ' ^ " 

- : ^, ; . : : \ , ^/ > ^ * 

* Catan^ano, Robert ':ajid' Me Ian ie ^. Wilson.^ "The*''Ef f ect o£ Retestl-n^' 
Contingencies on Achieveme^.t ^ ^itxiety, . anH Attittide in 'Sevenm 
' Grade 'Science * Science .Ed&cWt^ion, 61(2) :173-180, 'April-June\ *' 

Cavin^ *Clad.di^ Smith. "A Study or Some.Coflipater-Simulated Expairi-^* 
ments^in a SoUege general Chemistry Laboratory' Course. " 
(University of Texas. .:at Austin^ 1977.) Dissertation Abstract 
v \InternatiTtf>al / 38(5):2683-A, Nov<Hiib?r, 1977. . ^ • ^ 

' Chapdel^ne ,* Roland Joseph. ' '^TR'e* Development^ and Use of Grpup-Pj^cWd Lin- 
ear , Programs' Utili2^ing an Ele9tronic*St;ud6nt. "Response Syst^fa to 
- Eff^t*/^tt^tude Ch^pge in.,the Non-Science Jla jar ." (Ball State _ 
, ' Univelrsiftr. 1976.')' Dissertatiorn^Abstr^cts'lnternational, ^^7(10): 
.4818-B, April, ••i??^. - ^ . ' 

Chuaphani^Qh, Chanpen Wanna^raft.. • "StulJent Success* in Elementarjf' Physics 
i*/"' * Versus, the Stydentls ^Conceptuarization'of the Rolieof Physics in 
the' Curriculum." (OklahoW State Unlversit^,>? 1975.') ' Di^sertati5n' 
Ab;^t;>;aj^t;s Igtemational , 37(9) :5625-A<^ l^rihv 1*9*77. ' > -* - ^ 

£i±5shaiti, John Stewart^ ^"Orgapizing an *Etiqufry< Currie\iluiii for the 

Study of Issues i;a\ >tfie' Sclence-f Society Int'^rfacti. " (University 
. of Toj3G>|ito»:,^^ Canada, 19741) Dissertation Abstracts International, 
.V r3l02-}r75O2-A, Jyn^^,,l^^^^^ ^^V" j • ' ' ' 

Colbert, Joel'^A. "The Development and^.i^plemenfcatibn pf t,n^ Levels of 
Use Observational Inyentbi^r'^^XoUCJp^* An Inst-rumt^nii "^tbiAid in the 
; v^opfiotivof €hriovative ♦Frbcess," ^^Paper presentM at the annual 
fleeting of the National Association iox Research'in Sfcience Teach- 
ing,. Cincinnati,. (Jfeio-, I^krch' 22-.24, 19f7> , *- * S'*\ 



*• "^^^^^ m ^ .Coldeway, NaucyA. and, M. %Davi^ Merrill. 'fAttf ibut^^'itsolatibn Versos 



CorrecTt "Answr Feedback Eff^act^' bri fJespoiise Confidence, • l,atency, 
- *"^ >3ncl Test Performance/U-;BlJU' instructional Sc^ifence Report No. 52./ 
^ Paper .presented \at^ the at|tj€ial mejeting-'df/tl)^ Anicricafi Mlica- - ^' 
t'i^al Research Associat:iini XevIifOfkv^^^^ April 4-8, 1977., 



ED.' 139 65$ 



/ 

/V 




Coles, Allen Jay, III. "TRe, Effects of Teacher J)irectiveness and ^ 
Academic Locus of' Control «on Studenl: Achievement and Cpurse 
Attitude." (University of Nebraska-Lincoln, 1976. Dissertation 
Abstracts International , 37(7) ;3993-A> .January, 197^7. 

Colglazier, Jerry M, "Impact iof Participat:iijn„ln_ IJationaJ^Science 

' — Fotmdation Spongpred Teacher Education Programs on th^ Teach- 

. Ing of Science in' Indiana Schools." Indiana Department of 
^ Public Instruction, Indianapolis, 1976. " 
ED 139:653 * ' * 

Collins, Brian Gordon. "The Effects of Ma§tery Learning and Student 
, Proctors upon Achievement and Attitiidja Formation in a Personal- ' 
ized 'Audio-Tutorial College Biology Program."^ (Syracuse Univer- 
sity, 1976.) Dissert^atioh Abstracts International , 37(11) : 7054-A, 
May, 1977. 

Colson, Kenneth Richard. "The Predictive Validity of a^ Lif e Experience 
Inventory for the Idfentif icatibn of Creative Scientis^ts and 
^ Engineers." (University of -^aorherp California, I97T. ) Dis^ef^ ^ 
tation Abgtrafcts Internation-al ; 37(11) : 7031-A, May, 1977. 

Conway, William Kenyon. "A Characterization of the Physics Teachers 
and Guidance Counselors from Public Secondary Schools in the 
State of Illinois." (University of Wiscbnsln-Madison, 1976.) 
Dissertation Abstracts International , 37(9) :5726-A,. March, 1977. 

Cooney, Timothy Michael. "The Effects of Values Clarification Tech- 
. niques in College Physical Science on Critical Thinking Ability, ' 
Open-Mlndedness and Achievement." (University of Northern 
Coloradb, 1976.) ^ Dissertation Abstracts Internat4.onal , 37(7>:* 
4252-A, January, 1977. ' 

Corey, Noble R. "The Use of Rewritteh Science Materials in Ninth- 
Grade Biology." Journal of Research in Science Teaching, 14(2): 
97-103, March, 1977. , ^ ^ • 

Cottrell, Larry Kermit. "The Development' and Implementation of a 

Computer Managed Instructional System for Undergraduate Science 
Courses." (Purdue University, 1976.) Dissertation Abstracts 
International , 37(a)-j5013-A, February, 1977. 

Cottrill, Phillip Kenneth. "A Study Comparing Achievement 'of .Fourth 
Grade* Cla§ses in Indirect Sjnd Direct Approaches to Planetarium 
Teaching." j (Univetsity of Maryland, 1976.) Dissertation 
Abstracts International > 37(11) : 7055-A, May,'1977. 

Craney, Chris Leslie. "An Integrated Course in Physical ajid Analyti- 
cal Chemistry for Students Possessing Biological Interests." 
. (Washington State University,^ 197-7/) Dissertation Abstracts 
; International > 38(6) :;^6^i5-B, December, 1977. 

Crawley, Franirfe;/and John W. Shrum. ' "Effects of Leairning Structure 
Condition on Change in Preference for Science Courses." Journal 
of Research in Sciencte Teaching > 14 (3) : 257-262, May, 1977. * 




Crocker, Robert K'^ and others. **An Experimental » Study of Teacher 
Control In Sixth Grade Science Ciasses."^ Paper' presented at 
*the annual meeting of the National Association for Research in 
Sci^ce. Teaching, Cincinnati, Ohio, March 22-24, 1977. 
ED 139 607 V 

Davies, Ronald Eugene. "A Comparison of an Elective Mini-Course , 
Science CurricuJLMm and a Conventional Non-Elective Science 
Cfeficulun at the Junior High School Level. (The Pennsylvania « 
State University, f977.) Dissertation Abstracts International , 
38(5):2517-A, Navembei?, 1977. , ^ , 

Dean, Bonnie Lee Johnson. "An Informati^on Theoretic Analysis of 
Specific Learning and Cognition Tasks of Second and Sixth 
Grade Subjects Classified as to Piagetian Developmental Levels." 
(University of Pittsburgh, 1977.) Disse:^ation Abstracts Inter- 
national , ^(4):2023-A, October, 1977. 

De Angelis, Joseph, Jr. i^The Influence bf Class Size on Student 

Performance in a Secondary School Science Laboratory." Master's 
Degree Research Project, BeaVerv College, Genside, Pennsylvania, 
1977. ' ' 

ED 139 656, • , 

DeBoer, Gerritt Herald. "A Formatj(.ve Evaluation of ^e Arizona 
Inservice Science Portal School Program." (Arizona State 
University, 19?6.') Dissertation Abstracts International , 37(7): 
4253-A, January, 1977. 

Delaini, John Michael. "An Internship at the United States National 
Museum of Natural History. Part I — Internship. Part II — An 
Evaluation of the Effectiveness of Docents at the National 
. Museum of Nature,! History." (Clairemont Graduate School, 1977.) 
Dissertation Abstracts Int'ernational , 37(10) tfrSSe-A, April, • 
1977; [ T 

DeLuta, 'Frederick P. '^Measurement of Logical Thinking: An Electronic 
Equivalent of Piaget's First Chemical Experiment." Paper- pre- 
sented at the annual meeting of the National Association 'for 
Research, in Sciencfe Teaching, Cincirinati, Ohip, March 22-24, 
1977. ^ ^ ... 

" ED 137 091 . ' y ^ , ' 

Demas, Gus John. * "Selected Factors That Can Be Useful in Assisting 

In the Prediction of Sucoess' in Introductory College Biology and 
Chemistry Courses Offered in Community Colleges." (Wayne State 
University, 1977.) Dissertation. Abstracts International , 38(5)-: 
2518-A, November, 1977. 
f ' ' . ^ ^ ^' ' \ 

beShong, Ralph LeRoy* ''An Investigation of the Relationship of the 

Retention of Freshman Engineering Students ta Instit;utionai Goal 
Emphasis and Institut^-onal MOdeliiig." (Pennsylvania State 
University^ 197^.) Dissertation Abstracts International , 37(7): 
4253-A, January, 1977 ♦ 



Deyermond, Calvin Francis. "The Effects of Science Instruction on 

the Child's Acquisition of the»Concepts of Speed and Accelera- ft 
tion," (University of Rochester, 1977.) Dissertation Abstracts 
International , 38(5) :2518--A, November, 1977.' ^ . 

Dickson^ Earl Wayne. "The Impact of the Multiplier Effect on 
Teachers and Students Involyed iti/An ESS and SCIS Science 
Program." (Illinois State University, 1976,) Dissertation^ 
Abstracts International ^ 37^10) :^387-A, April, 1977. 

Dillon, James C. and Robert K. James. "Attitudes of Black College 
Students Toward Science." School Science and Mathematics , 
77(7):592-600, November, 1977. . • . 

( 

Dobrzhitskii, B. "On the New Fourth-Grade Nature Studies Course." 
Soviet Education , 19(8) :52-58; June, 1977. 

Douglass, Claudia Beth. "The Effects of Instructional. Sequence and 

Cognitive Style on the Achievement of High School Biplogy ' - 
P Students." (Purdue University, 1976.) Dissertation Abstracts 
' International , ;37(8);498.0-A, February, 1977. x,^^ 

Dunktim, William, "jtomputer Simulated Experiments in Physics Teaching: 
Problems and I^erf ormance. A Review of tha^robl^ms with ahfl the ^ 
Literature on,CSE in Physics Teaching wit^^uggestions for Future 
Research." Paper presented at the regional meeting of the • 
IJational Science Teachers Association, fioston,,^ssachuSetts, 
Pecembe'r, 1977. • * * * . - 

ED 148 599 - ' 



Dunlop, David L. and Frank Fazio. "A Comparison o^ Student Preference^ 
and Actual Performance in Problem Solving Tasks within a, Piagetian 
Setting." Paper presented at the annual meeting of the Nationalj^ 
Association for Research in Science Teaching, CiriiJinnati', Ohio, 
March 22-24, 1977. 

ED 137 086 • ' . . , ; 

Dykeman, 'Peter A. "College Students and Campus Na'tural Areas: A Com- 
munications Study." (Cornell University, 197j6.) Dissertation 
Abstracts International , 37(9) :5727-A, March, 1977. 

Earl, Robert D. and Dordthy R. Winkeljohn. "Attitudes of Elementary 

Teachers T<>ward Science, and Science Teaching." Scj.ence Education , 
61(1): 41-45, January-March, 1977. . . 

• * . ^ 

Edwards,' Clifford H. "Relation of Productivity in Elementary Sphool 

Science to Token Reinforcement Involving ^iked and Unliked Peers. " 
. Joyrnal of Research in Science Teaching , 14(5)j449-454, 
September, 1977. * 

Ehindero, Olusola Joseph. • "Relatjtonships Between Piagetian Cognitive 
Development at the Formal Level and Science Background Among 
Prospective Elementary School^^Teachers-. " (Oregon. State Univer- 
sity, 1977;) * Dissertatioa Abstracts International / 38(5) :2683-Ai 



November, 1977. 



96 



i 

Eisenberg, Edmund, "A Follow^Up Study of Students VJho Had Tak^ A 
Chemical 'Laboratory Study Skills Course/* (Columbia University 
Teachers . College, 1977 •) Dissertation Ab'stracts International , 
38(2) :672-A, August," 1977, • ,^ 

Eisenhardt, William Baldwin; "A Search for the Predominant Causal, 
Sequence in the Interrelationship of Interest in Academic Sub- 
jects and Academic Achievement, A Cross-Lagged Panel Corre- 
lat^-on Study/* (Duke University, 1976,) Dissertation Abstracts 
Inter national , 37(7) :4225-A, January, 1977 • 

— ' — ^ • ' c 

Elliott, George Eugene • "A Study to Determine if Selected Stuclent 
Characteristics are Related to Success in Introductory Physics 
Using Aptitude-Treatment Interaction Analysis for Two Diverse 
Modes of Instruction/' (University of Maryland, 1976,) 
Dissertation Abstracts International , 37 (11) : 7055-A, May, 1977* 

Ellis, Roy Frazier,^ "The Status of Science Supervision in Florida 
School Districts/* (East Tennessee State University, 1911.) 
Dissertation Abstracts International , 38(4) :1748-A, October, 
1977, 

Englin, Dennis Lee, "A Mqdel for Supporting Studies in Chemistry 

for the Undergraduate Biological Sciences Major/* (University 
of Southern California, 19760 Dissertation Abstracts Inter- 
national , 37(9):5559-A, March, 1977 • 

Entwistle, J, and D. Duckworth. "Choice of Science Courses , in 

•Secondary School: Trends and Explanations/* Studies in Science 
Education , .4:63-82, 1977, 

Esler, William K, and others. "Elementary Science Materials and the 
Exceptional Child/* Science Education , 61(2) : 181-184, April- 
^" June, 1977. . * • *. 

Evans, J. Daryll. '^How Secondary Pupils See the Sciences/* School . , 
Science Review ,' 58(205) : 771-774,^ June, 1977. 

Evans, J. Daryll. **Oral Communication in Biology.** Journal, of 
' Biological Education , 10(6) : 280-290, December, 1976. 

Ev^b^-Alexander . **Changes in Grade 12 Chemistry Achievement Patterns 
in Ontario After Establishment of a Modern Course of Study.** 
Paper presented at-^the annual meeting of the. National Associa- 
tion for Research in Science Teaching, Cincinnati, /-Ohio , 
March 22-24, 1977. 
ED 139 645 

Feiker., James Harvey. ''Dental Students' and Graduates* Perceptions 
on the Relevance of Selected Basic Science Topics to Clinidal 
Dentistry.*** (University of Michigan, 1976.) Dissertation 
Abstracts International^ 37(10) ;6290-A, April,- 1977. 

Ferguson, Carolyn M, "Teacher Assessment in A-Level Biology: An 

Experiment." School Science Review , 58(204) :553-558, March, 1977. 

92 - *" 

97 



Ferraro, and others. "The Effects of Structure in Science Communi- 
cations on Knowledge Acquisition and Conceptual Organization by 
St5udents of Varying Mental Maturity." Journal- of Research in 
Science Teaching , 14 (5) : 441-447 , September-, 1977 • 

FiAegold, Menahem. "The Character of^Classroom Discussion of Original 
Research. Reports as a Mode of Instruction in Physics," (Univer- 
sity of Toronto, Canada, 19740 ^ Dissertation Abstracts 
International ; 37 (12) : 7660-A, June, 1977. 

Fisher, Becky R. "Using Science Tfade Books in Seventh Grade Biolagy% 
(University of Missouri, Columbia, 1976.) Dissertation Abstracts 
Int^rnatioj^^l ," 37(9),5452-A, March, 1977. 

/ - ' ' • 

Flowers, Ejjana Jean. "A Comparative Study of. Student Change Through 
Progtammed and Traditional Instruction in Eighth-Grade Science." 
C^eorge Peabody College for Teachers, 1977,) Dissertation 
/ Abstracts International , 38 (5) : 2655-*, November, 1977. . 

A 

Foster, Natalie Margaret. "A Topical PSI for Introductory Analytical 
and Inorganic Chemistry." (Lehigh University, W77.) Disserta- 
tion Abstracts International , S8(4) : 1678-B, October, 1977. 

Fox, Ralph Roderick. "The Relationship of Lqcus of Control and Three 
Levels of Stress upon Student PerfcTrmance During an Elementary 
Science Methods Activity." (University of Maryland, ' 1977. ) 
Dissertation Abstracts International , 38(6) :3398-A, December, 
1977. 

Francis, Ernest Edward. "An Analysis of Achievement in a College 
Biology Audio-Tutorial Program." -(Arizona State University, 

1976. ) Dissertation Abstracts International , 37 (9) : 5727-A, 
March, 1977. 

T^rangos, George J. "A Study of Three Outcomes of a CollegerLevel 
Course in Physical Science for Nonscience Students (Adapted 
PSNS)." Science .Education , 61(2) : 145-152 , April- June, 1977. 

'Fraser^ Barry J. "Pupil Perce^pLlons of the Climate of ASEP Class- 
rooms." Australian Scien'ce Teachers Journal , 22(3) : 127-128, 
November, 1976. , ^ 

^ Frazier, Henry Calvin. ' "Identification of Population Differences 

Between Preservice Elementary Teachers Enrolled in Northern and 
in Emerging Jouthern Institutions on Aspects of the Following ^ 
Variables: (1) Science Process Skills and (2) Perceptions of 
Science and the' Scientist. " (Southern Illinois University, 

1977, ) Dissertation Abstracts International , 38 (5) : 2684-A, 
November , 197 7 . 

Frigo, Camillus Paul. "The Feasibility of Integrating Environmental 
'Management Concepts into BSCS-Yellow Version." (University 6f 
Wiscon3in-Madison, 1976.) Dissertation Abstracts International , 
38(1);123-B, July, 1977. 



93 

98 



Furniss, B. S. and J. R.' Parsonagev "Organic Chemistry as an A- 
Levei Topic/' School Science Review , 59 (^206) : 132-137 , 
. September, 1977 . 

Qabel, Dorothy and J. Dudley HerronT^ "The Effects of Grouping and 

Pacing on Learning Rate, Attitude, and Retention in ISCS Class- 
«rooms/' Journal of Research ^in Science Teaching, 14 (5) : 385-399 , 
September, 1977. 



Gabel, Dorothy and others. "The Effect of Early -Teaching and Training 
Experience on Physics Achievement, Attitude Toward Science ^and ^ 
u Science Teaching! and Process Skill Proficiency." Science' • 

Education, -61(4) :503-5ll, October-December, 1977. ' , ^ 

r 

Gabel, Lawrence Lee. "The Development of a Model to Determine Percep- 
tions of Scientific Literacy." (Ohio State University, 1976.) 
Dissertation Abstracts International, 37 (8) : 5D13-A, February, 
1977a. 

Gabel, Lawrence L. '^Perceptions of Scientific Literacy." Paper 
presented at the annual meeting of the National Association 
for Research in Science Teaching, Cincinnati, Ohio, March 22-24, 
1977b. 

ED 138 445 ^ 

Gadson,\elvin Franklin.^ "A Study of the^Effect 6f ^the Th^rteen- 
College Curricuiun Progr^ Physical^Sclence Course on the 
# Scientific Attitude of College Students." (American University, 

1976.) Dissertation Abstracts International , 37 (11) : 7056-A, 
May, 1977. 

Gibbons, James Patrick, "Scientific Literacy: Basic -Concepts, 

Skills and Attitudes." (Texas A&H. University, 1976.) Disser- 
tation Ab^racts International , 37 ( 12) : 7660-A, June, i9T7. 

Glasser, Patricia C. Jackson. "The Effect of Learning Activity - 

Packages on Science Achievement in the Fifth Grade." -(Univer- 
sity of Miani, 1976.) Dissertatioa Abstr:acts International , ^ 
37(7):4096-A, January, 1977. 

Gloriozov, P. and V. Ryss. "The New Chemistry Curriculum and the 

Task of the School." Spviet Education , 19(8):33-46, June, 1977. 

Goloborod'ko, M. and F. Sokolova. "Bringing Out Interdisciplinary 
Relationships in the Teaching of Physics and Chemistry." • 
Soviet Education , 19(8):47-51, June, 1977. 

Good, Ron and others. "Relationships Between Classroom Behavior and 
* Cognitive Devel^opnent Characteristics in Elenjentary School 
Chi](Jren . " Journal of Research in Science Teaching , 13 (6) : 
533-^38, November, 1976. 

Goodyear, Nancy Lee;-^- **A Comparison of ^he Effect of Two Teaching r 
Methodologies upon Cognitive Growth." (Auburn University, 1976.) 
' ■Dissertation Abstracts International , 37 ( 11) : 7059-A, May, 1977. 

O , . 94 

93 



ERLC 



Gough, Elva Ruth. "The Science-Related Problem-Solving Processes of 
* visually Impaired Adolescents." (Indiana University, 1977.) 
Dissertation Abstracts International , 38(6) :3399-A, December,/- 
1977": ~ ^ 

Greene, Charles Edward. "Original and Modified Reading-Level, 
Materials of the ISCS Level" III on Science Achievement." 
(Pennsylvania State University^ 1976). Dissertati on Abstracts 
International , 37 (11) : 7095-A, May, 1977. 

Griffin, Naticy C. Interrelated Explorations in Science : A Report 
of Field Study . •> Research Monograph No. 11. Gainesville, » 
Florida:' P. K. Younge Laboratory ' School, 1976. 
ED 146 031. \ 

Hagerman, Parnell Patten. "Development of a Human Life Science Pro- 
-gram at a Secondary Independent School." (University . of 
Massachusetts, 1977.) Dissertation Abstracts International ,^ 
* 38(6) :3402-A, December, 1977. 

Hale, James P. "An Investigation of Two Formal-Operaeional Schemata 
'in Adolescents .Enrolled in ISCS Classrooms." Journal of Research 
in Science Teachln:; , 13 (6) : 559-564 , November, 1976. 

Hall John Ruthven. "A^ Study of ''the Teaching of Elementary Chemistry." 
' jOHrnal of Research .in Science Teaching , 13 (6) : 499-507 , November, 
1976. 

Halyard, Rebecca Anne. "Effects of Optional Learning Materials on 

Achievement in General Biology." (University of Georgia, J.976.) 
Dissertation Abstracts- International , 37 (8) : 5014-A, February, 
T97T; ' ^, '' 



J 



Hanshaw, Larry Gene. ''Test Anxiety, Self-Concept, and the Test Per- 
formance of Students Paired for Testing and the Same Students 
Working Alone." (University of Southern Mississippi, 1976.) 
' Dissertation Abstracts International , 37 (10) :6387-A, April, 1977. 

Hargrove, Rachel Dailey. ''A Study of the Relationship Between 

Piagetian Ccgnitiv^Developmental Level and Reading Compre- 
hension in College Science Students." (Rutgers ^'niversity 
The State University :;ew Jersey, New Brunswick, 1977.) 
Dissertation Abstracts International , 37 (12) : 7661-A, June, 1977. 

Harkabus, Robert Joseph. 'The Development of Logical Thought in v 
Adolescents with Reading Retardation." (Rutgers University 
The State University .of New Jersey, New Brunswicky^ 1976.) 
^ Dissertation Abstracts International , 37 ( 12) 1 7661-A., June, 1977r 

Harviy, Elaine Butler, "Prediction of State Board Test Pool Examlna- 
/ tion Scores Utilizing Grades Achieved on Basic Science Assessment 
Tests in Nursing." (Indiana University, 1976.) Dissertation • 
Abstracts International, 37 (8) : 5014-A, February, 1977. 



V / 

I 



95 . . 

ioo 



Harvey, J. "The Influence of Science Training on Student Achieve- 
ment in the Age Range 8-10 Years* Old." Journal of Research in 
Science Teaching , U(l):13-19, January, 1977, 

Hass, Jerry Norman, "The Effects of Performance Objectives on Atti- 
tude and Achievement of Students Enrolled in a Principles of 
Biology Course for Non-Science Majors at the University of 
Sxnithern Mississippi." (University of Southern, Mississippi, 
19770 Dissertation Abstracts International , 38(5) :2684-A, 
November, 1977* ^ Vs^ ^ 

Heiting, William Anton. ^ "A Comparison of Secondary Science Teachers' . 
and Students' Perceptions of the Interpersonal Relationship Exist- 
ing- Between Them in the Classroom." (Unive'rsity of Iowa, 1976.) 
Dissertation Abstracts International, 37 (8) :5015-A, February, 1977* 
^ 

Helgeson, S- L.; P- E. Blosser; and R. W. Howe. The Status of Pre- 
College Science, Mathematics and Social Studies: 1955-1975 , 
Volume I, Science « Center for Science and Mathematics Education, 
The Ohio State University, Columbus, 1977. 

Henderson, Stephen Alan. "An Evaluative- Study of a Resource Teacher 
Implementation Program in Elementary Science." (University of 
Virginia, 1976.)* Dissertation Abstracts International , 37(7): 
A254-A, January, 1977. , 

Hendrix, Jon R. "A Survey of Bioethics Courses in U.S. Colleges and 
Universities." American Biology Teacj^er , 39(2):85-87, February, 
1977. 

Herron, J. Dudley. "Declining Enrollments: Here Are the Facts, 
Where Are the Answers?" The Science Teacher , 44(1): 26-29, 
January, 1977. ^ 

Herron, J. D. ; H. H. Jausj V. Neie; T. Luce; and T. O'Heron. 

"Summary of Research in Science Education — 1974." Science 
. Education, Special Issue, 1974. 
ED 116N^65 

* 

Hill, Charraie L*, II. "Creativity and Self-Perception in Science 

with Disruptive Third, Fourth and Fifth Grade Students Under Con- 
trasting Learning Environments," (Florida State University, 1977.) 
Dissertation Abstracts Int'iernational , 38(6) :3399-A, December, 
1977. 

Hilbert, , Robert Joseph. "Human Anatomy Instruction Involving a Peer 
Assisted Learning Design and Computer Tutorial Interaction." 
(Michigan State University, 1977.) Dissertation Abstracts 
International , 38(3):998-B, September, • 1977. 

Hofman, Helenmarie H^ "An Assessment of Eight- Year-Old Children's 
Attitudes Toward Sci^Mice." School Science and Matb?matics , 
77(8):662-670, December, 1977* 



96 , * 



1.01 



^ nf the Interest in, and 

Chemistry students. • Scie___ 

• students Toward chemistry ^pril-June, 1977a. 
ScienceEducation, 61(2)..^^^ _ 

• ~~~ "A Factor-Analytic I^^^^^f '^l^science 
Hofstein, A. and o^fl'^^^JJ^} journa]_olJeseHc]^^ 

"'^^m' ^"^w" .63-68 aanuar77^9^^^^ 
^ Teaching, IHD -^^ • ' , ,h Choice of Educa- 

^ u "nifferential Cognitive and 

ResearAjn_Sci^^ 



cultural Borrowing and Compara- 
"qrience Education: Cuiturax 4:83-110, 1977. 

Holmes, Brian. ^"?;^^'^^dies in_lciencejduc^^ 

tive Research. btHSi — ■ . ^ 

V u 1 "The Effects of the Science Curricu u 

■ ...vv Science Curriculum 

™ : fS. Development of 

and Janice Mier^wa. "^"LK^bLhs!^ 
Howe, Ann C. anu classroom. Jo^li --^-r 

pctive states o ^^y of Iowa, 197/.; 

We Teachers. , CUn^^^ .> October , 1977 . 

,stracts^nteiIli^H£ii' ^^^^^ 



^le, C 
Af 



^ "Correlation Between Mathematical 

H-X- - - fsu^^e^^rPhjri^s.-"^.-.-^^ 

y^^^^^^^-- , ^,,,3 science- 

\ „ D "The Efmt of Children's Patterns of 

^""Ts;dTate lals o^ Certain Sel£;ln.t-t./ Behav. ^^^^ 

.y^^tinn Abstract: . — ■ . 

19 VT* 



■I- 



ERIC 



97' 



102 



Ig'ambi, Levi Libese* "An Inquiry Into the Development of Sfclence 
Teact>lng In Primary Schools In the Western Province of Kenya." 
(University of Houston, 1977.) Dissertation Abstracts Int^r- _ 
'national, 38(5) :2522-A, November, 1977. . 

Inglls, B« History of Medicine . ^ New Yorkf World Publishing 
Co., 1965. 

Jaus, Harold H, "Activity-Oriented Science: Is It Really That ^ 
Good?" Science and Children , 14(7):26-27, April, 1977. 

jfaus, Harold H.. *'Uslng' Microteaching to Change Elementary Teachers' 
Attitudes Toward Science Instruction*" School Science and 
Mathematics , 77 (5) :402-406, May-June, 1^77. 

Jeddelbh, Kenneth Walter. "The Effect on Science -Learning of Teacher 
Arranged Activity . Sequence Versus Student Selected Activity 
Sequence." (University of Minnesota, 1977.) Dissertation 
Abstracts International , 38 (6) : 3250-A, December, 1977. 

Jeffries, Arthur Patrick. ^''Comparison of a One-Year Course and a 
Four Nine-V^eek Course Approach on Student Achievement and 
Interest in Science in Tenth Grade Biological Science." 
(University of Virginia, 1976.) Dissertation Abstracts Inter- 
national , 37(7) :3995-A, January ,. 1977 . , • 

Jenkins, StepJfien R. "Enhancing Student Comprjehen'sion with Overhead 
Projector." Engineering Education , 67(5) :363-366, February, 
^1977. 

Johnson, Charles Michael. "College Geology Faculty Training in 

Flanders Interaction Analysis and EffeCfs Upon Student Achieve- 
ment Attitudes, and Ratings of Instructor Characteristics." 
(Texas A&M University, 1976.) Dissertation Abstracts Inter- 
national , 37(8) :4824-A, February, 1977. . . 

Johnson, David I. "A Quantitative Comparison of Environmental Educa- 
tion, Conservation Education, Outdoor Education^ Ideological 
Education, Environmentalized Education and General Education 
Based on Goals." (Michigan State University, 1977.) Disser- 
tation Abstracts International , 38(5) : 1973-B, November, 1977. 

Johnson, Gussie. "A Comparison of Eighth Grade Pupils' Achievement 
in Selected Portions of Biology Using the Traditional Indoor 
Environment and the Experimental Outdoor Environment Taught 
from an External Morphological Approach." (Pennsylvania State 
University, 1977.) Dissertation Abstracts International , ,38(5): 
2 69 2-a/ November, 1977. 

Johnson, Janice Kay. "The Effects of Two Types of Cognitive Conflict 
Training Upon Students' Acquisition of the Concept of Conserva- 
tion of Area." (Syracuse University, 1976.) Dissertation 
Abstracts Int-ernational, 38 (5) : 2685-A, Novembef, 1977 . 



/ 



98 

103 



Johnson, Virginia Ruth. '*An Investigation of the Effects of Right- 
Hemispheric Activities on the Cognitive and Affective Achieve- 
ment of Earth Science Students/^ (University of Northern 
Colorado, 1976.) Di^ssertation Abstracts International , 37(7): 
ti254-A, January, 19771 ^ ' \ 

, « 
Jones, Linda. "Development of an Instrument to Measure Beliefs 

About Teaching Science," Paper presented at the annual meeting, 
of .the National Association for 'Research in Science Teaching., 
Cincinnati, Ohio, March 22-24, 1977.^ 

ED 139 623 ' ^ ' 

Joyce, Lyle K. "A Study of Formal Reasoning in Elementary Education" 
Majors." Science Edutation ; 61(2) :153- 158, April-June,. 1977. 

Kadlecek, Frank Edward- "The Relationship of Teacher Open-Mindedne^s 
to Student Open-Mindedness and Teacher-Student Interaction in 
Science Classes in Grades Four, Five, and Si:?." (University of 
California, Berkeley, 1976.) Dissertation Abstracts Inter- 
national , 37 (9) : 5586-A, March, 1977. 

Kagan, Martin H. and Pinchas Tamir, "Participation . in and Views 

Concerning Inservice Training Among High School Science and ^ 
Mathematics Teachers in Israel — A Survey." School Science and 
Mathematics , 77(l):31-46, January, 1977. ' • 

Kahle, Jane B. and John J- Rastovac. "The Effect of a Series of 

Advanced Organizers in Increasing Meaningful Learning." Science 
Education , 60(3) r365-371, July-September , 1976^ 

Kaikumba, Francis Yabai. "Frames of Reference of Beginning Science 
Teachers."' (University of Illinois i^t Urbana-Champaign, 1976.) 

issertation Abstracts International , 37 (10) : 6420-A, April, 
1977. 

Kalmbach, John Arlan. "An Analysis of Selective Factors That Might 
Have Influenced the Achievement of Students Who Enrolled in 
An Anatomy and Physiology Course at the University Community 
and Technical College, the University of Toledo." (University 
of Toledo, 1976.) Dissertation Abstracts International , 37(10), 
6302-A, April, 1977. ^ ^ , 

Kaplan, DavidL Mark. "The Use of Nineteenth Century Landitape Paint- 
ings and Art-Related Projects in College Introductory Physical 
Geology Classes."' (Columbia University Teachers Co>leg^, 
1977.) Dissertation Abstracts Interjiational , 38(4)*J?024-A, \ 
October,^ 1977. ' \ i . 

* 

Karplus, Robert et al . "A Survey of Proportional Reasoning and 

* Control of Variables in Seven Countries." JournaJ of Research' . 
in Science Teaching , 14 (5) : 411-417, Soptember, 1977. 

Karplus, Robert and Rita Peterson. "Intellectual development Beyond 
ElementanjL School II: Ratio, A, Survey." School S^cience and 
MathemjJ Ps. 70(9) : 813-820, December, 1970. 



99 ^ 
1U4 



Kauchak, Donald ?. "The Effect of Essay Writing on the Attitudes 

of Undergraduate Science Methods Students/' Journal of Research 
in' Science Teaching , 14 (2) : 139-143 , March, 1977. 

Keenan, Dtona Metz* "A Study of the Relationship Between Tenth Grade 
StudeMs^ Reading Ability and Their Comprehension of Certain 
Assign\d Textbooks/' (Florida State University, 1976;) Disser- 
tation Abstracts international , 37 (10) : 6391-A, April, 1977. 

Kelsey, Kenneth W.. "Performance Criteria and Operant Methods: 

An Analysis of Effects on Cognitive and Reinforcing Behaviors 
of Student Teachers." Science Education , 61(2) : 201-208, Apr.il- 
June, 1977. 

-^erlinger, F. N. Foundations of Behavioral Research , Second Edition. 
New York: Holt, Rinehart and Winston, Inc., 1973. 

Kerlinger, F. N. ''The Influence of Research on Education Practice." 
Educational Researcher , 6(8) :5-12, September, 1977. ^ 

Keys, Wendy and M. B. Ormerod. ''A Comparison of the Pattern of 
Science Subject Choices for Boys and Girls in 'the Light of 
Pupils' Own Expressed Subject Preferences." School Science 
Review, 58(203) :348-350, December, 1976. 

Kincaid, Rhea Thomas, Jr. "An "Investigation of the Effectiveness 
of an Inservice Program for Secondary Content Area Teachers 
^in Teaching Reading in the Content Areas". "" tAmerican Univer- 
sity, 1977.) Dissertation Abstracts International , 38(6): 
3422-A, December, 1977. ^ • 

' > . ^ ^ ^ 

Kolodiy, (Seorge Oleh. "Cognitive Development and Science Teaching." 
Jounjal of Research in Science Teaching , 14(1): 21-26, January, 
I977f ^ 

Kornbau, Harrison Charles . "The Pract ical.Implicat ions -of an 

Informal Conceptual Analysis of the Words Inquiry and Discovery 
as Used in Contemporary Sciejice Education." (Templfe University, 
1977.) Dissertation Abstracts International , 37 (12) :7662tA, 
June, 1977. 

Kraft, Rosemarie Harter. "An EEC ^tudy: Hemispheric Brain Func- 
tioning of Six to Eight Year Old Children During Piagetian 
and Curriculom Tasks with Variation in Presentation Mode." 
(Ohio State University, 1976.) Dissertation Abstracts Inter- 
national ,' 37(9) ;55a7-A, March, 1977. 

Kraft, RQsemarie. "An EEG Study: Hemispheric Brain Functioning 
^ of Six 16 Eight Year Old Children During Piagetian and Curric- 
ulum Tasks with Variation in Presentation Mode." Unpublished 
doctoral dissertation. The Ohlo^State University, 1976. ^ 
ED 137 070 



100 



Krieger, Peter Joseph. "Bio-Organic Content for the Allied Health 
Programs of Florida Community Colleges.." (Florida Atlantic 
University, 1977.) Dissertation Abstracts International , 
35(L):133-B, July, 1977. ^ 

Krienke, Robert Daniel. **An Occupational Task Inventory and Follow- 
iJp of Graduates of the Chemical Technician Curriculum- Project 
Pilot Schools." (Baylor University, 1976.) Dissertation 
Abstracts International , 37 (8) : ASZS-'A, Febi?tiary, 1977. 

Lamb, William G. ^^*Evaluation of a Self-Instructional Module for 
Training Science Teachers to Ask a Wide Cognitive Variety of 
Questions." Science Education , 61(l):29-39, January-March,^ 
1977. 

LaShier, William S. and Eugene *L. Wren. "E?fect of Pretest Feed- ^ 
back and Mathematics Skills Overview^on IPS Achievement."' 
Science Education , ' 61(A) :513-518 , October-December, 1977. 

Lawrenz,-^ Frances. "The Prediction of Student Attitude Toward 
.Science from Student Perception of the Classroom Learning 
Environment . " Journal of Research in Science Teaching , 
13 (6-): 509-515., November, 1976. 

Lawrenz, Frances. "The Stability of Student Perception of the • 

Classroom Learning Environment.", Journal of Research in 

Science Teaching, 1A(1):77-81, January, 1977. 
« — ^ 

Lawson, Anton E. and Floyd H. Nordland. "Conservation Reagoning 
Ability and Performance on BSCS Blue Version Examinations." 
Journal of Research in Science Teaching , lA(l):69-75, January, 
1977. 

Layton, David, Editor. Studies in Science Education , Volume 4. 
Center for Studies in Science Education, University of 
Leeds, England, 1977. 
ED 1A2 390 

Lazarowitz, Rfeiiven. "Does Use of Curriculum Change Teacher^' Atti- 
tudes Toward Inquiry?" Journal of Research in SciencejTeaching , 
13 (6) :5A 7-552, .November, 1976. 

Lee, Mae T. "The Effects of Visuals and Communication Structure on 
Meaningful Knowledge Acquisition and Retention." (Columbia 
University Teachers. College, 1977.) Di-sser tatlon Abstracts 
International , 38(1):191-A, July, 1977. 

Leonard, William Harold, Jr. "An Experiment^ Comparison of Two 

Instructional Methods for High School Biology Laboratory* Inves- 
• tigations." (University of California, Berkeley, 1976.) 
Dissertation Abstracts International , 38(2):715-A, August, 
1977. 



101 

1U6 



Levitch,, Elliot J*. "An Investigation to Determine -the Effects. of 
Teaching Styles Which Vary in Fe^edb'ack/Response Elicitation 
Ratios on Achievement and 'Retention .by Secondary School .Biology 
Students -in a New York City High .School, " (New York University, 
1977,) dissertation Abstracts International , 38(4) :2024-A, 
October, 1977, ' . , * 

Linn, Ma^cia "Free Choice Experiences: Hqw Do They H^elp 

.Children Learn? Advancing Education Through Science-Oriented 
Programs, Report PS'c-20/* Paper presented at the annual meet- . 
ing of the National Association, for Research in Science 
Teaching, Cincinnati, Ohio, March l22-24, 1977, 
ED 139,613 

Linn, Marcia C, and others, ''Teaching Children to Control Variables: 
Investigation of a Free-Choice .Environment • " Journal of Research 
in Science Teaching , 14 (3) :249-255, Ma}>,'l977, 

Lloyd, Gerald, "An Experiment with the Teaching of Science to Non- 
' Streamed Classes," School Science Review , 58(203) :355-360, 
December, 1976, 

Locke, Carl Eugene, "A Comparison of the Teaching of Seventh Grade 
Earth Science in Inner-City and Perimeter Sch'ools," (Case 
* ^ Western Reserve University, 1977,) Dissertation Abstracts 
International , 38 (3) : 1200-A, September, 1977, 

'Lockley, Ora Evelyn, "Moral Reaisoning and Choice of Values Among 

Students at Rutg.ers University," (Rutgers University The . ^ 
State University of New Jersey, New Brunswick, 1976,) Disser- 
tation Abstracts International , 37 (12) : 7663-A, June, 1977, 

Loeb, Virginia Mathis, /*The Effects of Group Testing on Attitude' 
Toward Science, Test Anxiety, and Achievement of Ninth Grade 
Laboratory Science Students," (University of Maryland,- 1976,) 
Dissertation Abstracts International , 37 (11) :7056-A, May, 1977, 

Long, Joe C, and others,' "The Effects of Diagnostic Testing and 
Rempdiation on Science Achievement and* Retention, " Paper 
presented at the annual meeting of the National Association 
for Research in Science Teaching, Cincinnati, Ohio,- 
March 22-24, *1977. 
" ED 139 634 * ^ , 

Lorenz, Karl Michael, "The Creative Hypothesis and the Teaching of 
Science," (-Columbia University Teachers College^ L976,) 
Dissertation Abstracts International , 37(8) :50i5-A, February, 
1977, 

Lowell, Walter E, "An Empirical Study of a Model of Abstract 
Learning," Science Education , 61(2) : 229-242, April- June, 
1977, - ^ 



102 

107 



Luce,- Thomas Gerald. "The Development and Implementation of User 
Interface Software and Plant Biology Courseware for Quick, . 
a Quasi- Interactive Computer-Assisted Instructional System/* 
(Purdue University, 1976. ) Dissertation Abstracts International 

• 37(10) :6388-A, April, 1977. 

Lunetta, Vincent N. and Pinchas Tamir. "Cognitive Preferences in • 
Biology of Students -Participating in a Secondary Science Summer 
^ Program." Paper presented at the annual m,^etirig of the 
JJational Association Sftr Research in Science ^Teaching, 
Cincinnati, Ohio, Marc^22r24, 1977. ^ \ 

ED 137 090, ' ^ 

Lutz, Kathy A. and. Joseph W. Rigney. "The Effects of 'Student- 
Generated Elaboration During Acquisitions of Concepts ih' 
Science." Technical Report No. 82. University of Southern 
California, Los Angeles, 1977. » - 
ED 149 973 ^ . ' ^ , , 

Lyon, John Dguglas. "The Relative Effectiveness of Individualized 
Script and Audio Instruction in Junior College Biology." 
(University of Maine, 1977.) Dissertation Abstracts Inter - ^ 
national, 38 (4) : 2025-A^ October, 1977. * ^ . 

Maddock, M. N. and Colin N, Power, Editors.^ Research in Science 

Education, Volume 6. Proceedings of the Annual Confereiloe of 
the Australian Science Education Research Association. 
University of Newcastle, New South V/ales,'May 17-19, 1976. 
ED 143 501 • . " • " > 

Mallach, Lawrence Eugene. "A Mixed Mode, Systems Approach to Sensory 
Integration and Learning." (State University of New York ht 
/Buffalo, 1977.) Dissertation Abstracts. International , 38(6): 
2496-B, December, 1977. 

Mallinson, G. ,G. "'Summary of Research in Science Education-1975. " 
Science EcfciC^tion , Special Issue, 1975. 
ED 148 602 

Mamantov, Charmaine Bienvenu. "An Analysis of the Relationship 
Between Selected Variables and Academic Success in Nursing 

• Chemistry." (University af Tennessee, 1976.) Dissertation 
Absrracts Internat^ional , 37 (11) :7057-A, May, 1977 , 

Mauley, Barry Lee. "The Relationship of the Learning Environment to 
Student Attitudes Towards Chemistry.*' (Boston College, 1977.) 
Di'ssertation Abstracts International , 38(3) : 1320-A, September, 
1977. . ^ - 

Mansfield, Janet Lou Joyce. "The Effect of the Elementary Spience 
Study on Selected Science Skills of Educable Mentally Retarded 
Students." (Ball State University, 1976. )' Dissertation 
Abstracts International, 37(10) :6388-A, April," 1977. 



103 

1.08 f 




Markle, Glenn and William Capie. "Assessing a Competency-Based 
Physics Course: A -Model for E\;^luating Science Coutses 
Servicing Elementary Teachers." Journal of Research in Sciepce 
Teaching , 14 (2) : 151-156, March, 1977^ / ^ 

.Martin^ William Joseph and Paul^E. Bell. "The Use of Behavioral ^ 
- Objectives in Instruction of Basic VopationaJ. Science Students." 
Jouimal of ResearcTi in ScienceTeaching, 14 (1) il-ll-, January, 
' * 1977. ' . \ 

Mason/ Jack Lee. "Field Work-in Virginians Secondary Earth Science 
Classes." (University of Virginia, 1976.) Dissertation 
Abstracts* International , 37 (^2)'':,4255-A, January-, 1977. 

. ' •■ 

Mathis, Philip M. "A Review of Ertipiri^l Studies Pertaining to" the 
^Nature of Science'."*' Paper presented»^t the annual fneetitig 
of the ^emiessee Academy, of Science, CHattan(3oga; Tennessee, 
November, 1976. 

ED 137 096 \ ' i 

*) 

Mathis, Philip M. -an J John W. Shrum. "The Effect of Kinetic Struc- 
ture on Achievement and Total Attendance Time in Audio-Tutorial 
Biolagy."" Journal of Research in Science Teaching , 14(2): 105- 
115, March, 1977. 




May, David H. and Joseph .P. Riley. "Es4:al3*isning Links Between 

^ Teacher Behavior and Learner Outcomes.!' Paper presented at the 
annual meeting of the National Association for Research in 
^ Science Teaching, Cincinnati, Ohio, March 22-24, 1977. 
ED 139 629 . * 

McCaulley, Mary H. "Personality Variables: Modal Profiles that 
Characterize Various Fields of Science." Paper presented at^ 
the annual meeting of the American Association for the Advance- 
.ment of Science, Boston, Massachusetts , February 22-23, 1976. 
ED 144 780 

McGra,th, John Terrence. "An Ir>ve*t4rgation into the Effects of Test 
Type and Sentiment Toward Science on the ^Performance of College 
Physics Students." (University of Wyoming, 1976.) Dissert a- 
tion Abstracts International , 37(8)':4X)04-B, February, 1977., 

McKee, David John. "A Compar^^^ti^T^Labor atory Study of Science 

Achievement, Problem-Solving Ability, Confidence, Cognitive^ 
Level, and Classroom Behavior for Sixth Grade Science Students 
Exposed to Two Contrasting Teaching Strategies." (Florida 
State University, 1976.) Dissertation Abstracts International , 
37(10):6388-A, April, 1977. 



r 



104 

103 



r 



McKnight, Cleon, Sr/ "An Investigation of Major Training Factors iti 
Allied Health Educational and Training Programs in Public Junior 
Colleges with Particular Reference to Science-Oriented Exper-^ 
iences," (Kansas State University, 1976.) Dissertation 
Abstracts Internat ional , 37 (9) : 5572~A^ March, 1977, ^ 
t * 

Mclaughlin, Dennis Ivan. "An Assessment of the Development of 

Selected Aerospace Concepts in the, Lower Eleperttary School," 
(Oklahoma State University,^ 1976,) Dissertation Abstracts 
International , 37 (9) :.5^73rA, March, 1977. 

Meeks, Jane Warren, "Effects of. Specific 'Imbedded Aids? on the . 

' Comprehension of Science Material for Three Levels ^f Readirs," 

(University of Migsouri-Kansas City, 1977 ,) Dissertation 

Abstracts International,. 38(6) :3403-A', December, 1977 , 
. ' > 

r • ' 

^"Merlino, Ann* "A Comparis)on of the Effectiveness of Three Levels 
' of Teacher Questioning on the Outcomes of Instruction in a * 
College Biology Course,"" (New York University, 1976.) 
Dissertation Abstracts Intergational , 37 (9) :5551-A, March, 
1977, 

Miagkova, A. "Studying the Basics of the Science of Living Nature," 
Soviet Education ,- 19(8) ;5-23, June, 1977, 

Mills, Terence J, and I, Dwaine Eubanks, "Student Assessment of 
ISCS Classrooms and Grade Level Placement of. ISCS Levels I 
and II," School Science and Mathematics , 77 (4) :319-325, 
April, 1977. 

Mirsky, Arthur, "Teacjaing Reporting Skills in ^science to Under- 
graduates," Journal of Geological Education , 25(5) :157--163, 
November , 1977 , - , 

Mitchell, Malcolm Bowles, "The Ilature- of ^Scientific, Historical 

and Evaluative Judgments with Some Implications for Education," 
(University of Toronto, Canada, 1974,) Dissertation Abstracts 
International , 38(6) :336fe-A, December, 1977, 

Moche, Dinah L, "Experime^ in Matching the Structure of Instruc- 
tional Modules on Astrophysics to Cognitive Levels Among Urban 
Community College Students," (Calumbia University, 1976,) - 
Dissertation Abstracts International , 38(2):715-A, August, 1977, 

Moore, Kenneth^D, "Development and Validation of a Science Teacher 
Needs-Assessment Profile," Journal of Research in Science 
Teaching , 14 (2) :145-149, March, 1977, 

Moravcsik, Michael J, "Two Views of Science — As A Student and 
•vingt ans apres'," The Physics Teacher , January, 1977, 

Mulcare, John Raymond, "An Examination of the Specific Outcomes of 
the Science p'rograms. Interaction of Man and the Biosphere and 
Interaction- af Matter and Energy, in the Junior High School," 
(Northern Illinois University, 1976,) Dissertation Abstracts 
International, 37 ( 12) : 766'4-A, June, 1977^ \ 



105 

HQ- 



Munby, A, Hugh. et .al . ''Validating Constructs in Science Education 

Research: The Construct 'View of Science'." Science Education , 
60(3):313-321, July-September, 1976. 

Munby, Hugh. "Analyzing Teaching: The Quality of the Intellectual 

Experience and the Concept of Intellectual Independence/' Paper 
presented at the annual meeting of the National Association for 
Research in Science Teaching, Cincinnati, Ohio, March 2^24, 1977. 
ED 139 606 . . ^ 

Nevins, Evelyn Joyce, "Varying Sequences of Science Corlcepts and 
its Effect on Pupil Achievement." (Ball "State University, 
- ^ 1976.) Dissertation Abstracts International , 37 (10) :6260-A5 
^pril, 1977 • ^ 

Nimmer, Donald N. "Differences' in How Elementary Scienc^ TlSachers 
Learn to Use Their Curricula and Their Satisf action^ith That 
'Curricula." School Science and Ma.thematios , 77(8^^^71-674, 
December, 1977, 

llimmer, Donald "How Elementary' Teachers Learned to Use, and Their 
Resultant Satisfaction With, Their Science Curricula. "~ Paper 
presented at the annual meeting of the National Association for 
Research in Science Teaching, Cincinnati, Ohio, March 22-24, 1377. 
ED 137 098 ; ' * 

* "* ' » 

Nimmer, Donald "Dissemination of Educational Information Through 
Various Media Channels." Paper presented at the annual meeting 
of the National Association for Research in Science Teaching, 
Cincinnati^, ^o, March 22-24, 1977. 
ED 137 099 

Novak, Gordon Shaw, Jr, "Cbmputer Understanding of Physics Problems 
Stated in Natural Language." (University of Texas at Austin, 
1976.) Dissertation Abstracts International, 37(8) :4056-B, 
February, 1977, 

Novak, J, D. Summary of Research in Science Education-1972 . ERIC 
Information Analysis Center for Science, Mathematics and 
Environmental Education, The Ohio State University, Columbus, ^ 
1973. 

ED 090 055 

Oakley, Wayne and Robert K, Crocker. "An Exploratory Study of 

Teacher Interventions in J^lementary Science Laboratory Groups*" 
Paper presented at the annual meeting of the National Associa- 
tion for Research in Science Teaching, Cincinnati, Ohio, 
March 22-24, 1977. 

ED 139 608 . 

.Ogden, William R, and Patr-icia M, Brewster. "An Analysis of Cognitive 
Style Profiles and Related Science Achievement 'Among Secondary - 
School Students." Paper presented at the annual meeting of the 
National Association for Research in Science Teaching, Cincinnati, 
Ohio, March 22-24, 1977. 
ED 139 610 

106 ' ' , • 



111 



.Okey, James Ri "Using Student Performance to Measure Science Teacher 
^Effectiveness/' Paper presented at the anntial meeting of the 
National Association for Research in Science Teaching, Cincinnati, 
Ohio, M^h 22-24, 1977. 
ED 139 627 

Okey, James R. and Russell H. Yeany, Jr^. **The Relationships Among 

Science Educators' Research Priorities and Demographic Variables." 
Paper presented at the annual meeting of the National Association 
» for Research in Science Teaching, Cincinnati, Ohio, March 22-24, 
. 1977. 

ED 139 632 

Onyike, Innocent Ozurumba. ^'Competencies Desirable for Secondary School 
/Science Teachers in Nigeria v;ith Implications tor Teacher Educa- 
tion." (Columbia University Teachers College, 1977.) Disserta- 
tion Abstracts International , 38(1) : 191-192-A, July, 1977. 

Opoku-Agyeman, Donna W. Dalton. "An Investigation of Factors Related 
to Black Students Choosing a Science Career." (University of 
Pittsburgh, 1976.) Dissertation Abstracts International , 
38(1):192-A, July, 1977. 

Orgen, James. "The Long-Term Effects of Mandated Curricul^ Adopt ion 
; on Teaching Behavior." Journal of Research in Science Teaching , 
14(5):419-425, September, 1977. 

• * * 

" Oriedo, Micah AtsiaVa. ^"Analysis of the Degree to Which Teachers 
Realize Unified Science Guidelines." (Ohio State Universify, 
1977.) ' Dissertation Abstracts Interna^tional , 38(2):716-A, 

• August, 1977. 

Orpwood, Graham W. F. "Analyzing Arguments for Objectives in Science 
Education." Paper presented. at the annual meeting of the 
National Association for Research in Science Teaching, Cincinnati, 
Ohio, March 22-24, 1977. , 
ED 139 619 

Ortiz Plata, Georgina. "Expectations for the Role of the Science 

Coordinators in Puerto Rico as Perceived By Themselves and Their 
Immediate Role Associates at the School District Level. "'^ (New 
York University, 1977.) Dissertation Abstracts International , 
38(4):1797-A, October, 1977- ^ 

Osborne, Roger. "Using Student Attitudes 'to Modify Instruction in 
Physics." Journal of Research in Science Teaching , 13(6) :525- 
531, November, 1976. ... 

Owley, Gordon Thomas. "The Developraent/oT the Child's Concept of 

EcolQgy." (Marquette University,- 1976.) Dissertation Abstracts 

• International , 38(2):709-A, August, 1977. 
^ HI ^ 

Pell, A. W. "Subject Swings at A Level: Attitudes to Physics." 
SchQol Science Review, 58 (205) : 763-770, June, 1977. 



107 



112 



Penick, John E, and James A. Shyraansky. "The Effects of Teacher 

B^hkvior on Student Behavior in Fifth-Grade Science: A Repli- 
cation Study/' Journal of Research in Science Teaching , 
U(5):A27-A32, September, 1977. 

Perrin,rMary Elizabeth. '*the Effect of Screen Size, Compressed 
Sound, and Sex on Cognitive Leaiming in Intermediate Level 
Science." ^University of Southern California, 1976.) 
Dissertation Abstracts International , 38 (3) : 13A5-Aj September, 
1977. 

Petersen, -Thonias Richard. *'The A.lbertus Magnus Lyceum: A Thraistic 
Approach to Science Education." (University of Illinois at 
Urbana-Chanpaign, 1977.) Dissertation Abstracts International ,' 
38(1):151-A, July, 1977. 

Peterson, Kenaeth Dale. "An Ex^|fcir:ental Evaluation of a Science 

Inrguiry Training Prcgra^J^Riigh School Students." (University 
of California, 5erV.el£;.'^^^^6. ) Dissertation A>bstracts Inter- 
rational , 37 (9) : 57:3-A, ^^Erch, 1977 . 

Piburn; Micheel D. "Sex, Field Dependence and Fornal Thought." 

iPaper presented at the ann-jal r:eet:.ng of the National Associa- 
tion for Research in Scieni^f Teaching, Cincinnati, Ohio, 
March 22-2^, 1977. 

ED 139 635 _ 

Pitt, Rv5^ Berran. * "Toward a' Coi:prehensive Mcxiel of ProBl^eiu-Solving: 
AppHcatior. :c Scluticns c: Chez;istr>- Problems by High School 
T'^'^^^and College Students." (University of California, San Diego, 
1976.) Dissertation Abstracts International , 37(9) :473p-B, 
March, 1977. 

Pooler, Chris Aenil. "The Effect of Intensive Instruction in Hypo- 
thesis Generation upon the Quantity and CXiality of Hypotheses 
and the Quantity and Diversity of Information Search Questions 
Contributed by Ninth Grade Students." (University of Maryland, 
1976.) Dissertation Abstracts International , 37^11) : 7057-A, 
May, 1977. 

Power, Colin. "A Critical Review of Science Classroom Interaction , 
Studies." Studies in Science Education , 4:31-62, 1977. 

Power, Colin N. and Richard ?. Tisher. "Relationships Between Class- 
room Behavior and Instructional Outcories in an Individualized 
Science Program." Journa-1 of Research in Science Teaching , 
13(6):A89-^97, November, 1976. 

Preece, Peter F. V. "Development Trends in the Continued Word Asso- 
ciations of Physics Students." Journal of Research in Science 
Teaching , U (3) :235-239, May, 1977. 

Preece, Peter F. W. "The Concepts of Electromagnet ism: A Study of 
the Internal Representation of External Structurels . " Journal 
of Research in Science Teaching , 13(6) : 517-524 , November, 1976. 



108 

113 



Preiss, Lorraine Cecilia., "An Investigation to Determine the 

- Adequacy of the Gates^Macginitie Reading Tests as a Predictor , 
of Success in the First Semester Anatomy- ^nd Physiology Coursej 
in an Open Admissions Conrnunity College*" (University of - ; 
Michigan, 1976.) Dissertation Abstracts International , 37(10);: 
6198-A, April, 197^^7. ^ 

Putt, Graeme D. "Testing the Mastery Concept of ^ Self-Paced ; 
Learning in Physics." American Journal of Physics , 45C5): 
472-475, May, 1977. 

f • 

Quinn, Mary Ellen and Carolyn Kes^ler. "Language Acquisition as ^ 

Byproduct of Science Education." Paper presented at the auniial 
meeting of the National Association for Research in Science ; 
Teaching, Cincinnati, Ohio, March 22-24,1 1977 . i 

^ ^"^^ ED 137 093 ^ ' 

j 

Rachelson, Stanley Eugene. "An Identification of the Characteristics'' 
of Hypothesis Generation in Scientific Inquiry with Applications 
♦ to Guided Imagery and to the Science Curriculum Improvement Study 
and Essence Curricula." Doctoral dissertation, Georgia Statfe 
University, 1977 . 
ED 139 6A9 ^ 




\Rahn, James Elwood. "The Effect' of Training in Interaction An^ly^is 
on Attitudes Tward Education of Prospec:tive Elementary School 
Teachers." (University or Northern Colorado, 1976.) Disserta- 
tion Abstracts International , 37 (7) :4256-A, January, 1977. 

kitan, Robert William. • "Comparison of a Conventional Junior Coljlege 
Biology Program Versus a Mastery Junior Cpllege Biology Program-" 
(Northwestern University, 1976. ) Dissertation Abstracts Intejr- 
^ national, 37 (7 ) :4257-A, January, 1977. 

Ram\)ally, Satnarine. "The Relationship Between Teachers* Attitudes 

Toward Science, Verbal Interaction Patterns, and Student Achieve- 
ment in Chemical Education Mater ials««»Stu^y. " (University of ' 
Northern Colorado, 1977.) Dissertation Abstracts International ,, 
38(5) :2687-A, November, 1977 . ^ ^ '/ 

stovac, John J. "The Effect of Instructional Mode on School Achieve- 
ment of Concrete and Formal Operational Students." Paper presented 
at the annual meeting of the Nat ionai Associat ion for Research in 
Science Teaching, Cincinnati, Ohio, March, 22-24, 1977. 
ED'188 447 

RaVen, Ronald J. and Sister Helen Calvex.. "Achievement on a T'est of 
Piaget's Operative Comprehension as a Function of a Process- 
Oriented Elementary School Science''''^Prograra. " Science Education , 
61(2) :159-166\, April-June, 1977. 

\ 

Ravin, Ronald J. and Kingfa Thongprasert • "A Comparison, of Thai>^nd 

\ American Elementary Schorol Children's Physics Achievement at Three 
I Levels of Cognitive Complexity." Science Education , 61(l):71-78, 
1 January-March, 1977. * • ^ 



109 
lie 



Razumovskii, V^; V. Usanov; and L. Khizhnizkova. '"Ways to Hake Physics 
Teaching More Effective." Soviet Education , l9(8):2A-32, June, 
1977. 

Reach, Roy Wheeler. "A Comparison of T\^p Methods of Conducting a 

Basic Circuit Analysis Engineering Technology Laboratory Course 
in an Ohio Two-Year Technical College." (University of Toledo, 
1977.) Dissertation Abstracts International , 38 (5) : 2531-A, 
November, 1977 . 

Reimold, Ivan LaVerne. '"Evaluation of a Nematode Unit Taught in- High 
. School Biology and Vocational Agriculture Classes." (Pennsylvania' 
State University, 1976.) Dissertation Abstracts International, 
37(11):6901-A, May, 1977. 

Renner, John W. and William C. Paske. "Comparing Two Forms .of Instruc- 
tion in Callege Physics." American Journal of Physics , 45(9) :851- 
859, ^September, 1977. 

Renner, J. W.; M. R. Abraham; and D. G. Stafford. "Summary of Research 
in Science Education-1976./' Science Education , Special Issue, 1976. 
ED 157 798 

RinaA^, Anthony Thomas. "An Exploratory <3ontent Analysis of Creative 
Thinking in Elementary School Science Textbooks for Grades One, 
Three, and Five." (University of the Pacific, 1976.) Disserta- 
tion Abstracts International , 37(9) :5578-A, March, 1977. 

Ritz, William C. and Martin F. Felsen. "A Profile of Science Super- 
vision in New York State." Science Education , 60(3) :339-351, July- 
September, 1976, 

Rivers, Robert Hinton. "A Study of the Association Between the Use of 
Individualized, Self-Pacing Science Curriculum Materials (ISCS) 
as a Reading Course and Gains in Reading Comprehension and Vocab- 
ulary Skills of Seventh Grade Students,"' (Florida State Univer- 
sity, 1977.) Dissertation Abstracts International , 38(5) :2687-A, 
November, 1977 . 

Rosenthal, R, and L. Jacobson. Pygmalion in the Classroom . New York: 
Holt, Rinehart and Winston, 1968. 

Rowe, M, B. and L, DeTure. "Summary of Research in Science Education- 
1973." Science Education , Special Issued 1973. 
ED 113 lAO 

Rowe, * Ronald Earl, "Conceptualizations of the Nature of Scientific 
I^ws and Theories Held Jby Middle School and Junior High School 
Science Teachers in Wisconsin," (University of Wisconsijv-Madison, 
1976.) Dissertation Abstracts International , 37(9) :5729-A, March, 
1977. 

Rowell, J. A. and G. J. Dawson. "Teaching About Floating and Sinking: 
. An Attempt to Link Cognitive Psychology with Classroom Practice." 
Science Education, 61( 2) ; 2A3-251, April- June, 1977a. 



110 

115 



Rowell, J. A. and J, Dawson. ^'Teaching About Floating and Sinking:' 
Further Studies Toward Closing the Gap Between Cognitive Psycho- 
logy and Classroom Practice." Science Education , 61(4) :527-]540, 
October-December, 1977b. 

Ruph, John A* ''Comparing Student and Faculty Opinion of Teaching In 
Lecture and Lab Course." Engineering Education , 67(7) :721- 7^2, 
April, 1977. 

Russell, Thomas L. ''Applying Philosophical Analysis to Science Teach- 
•-1-ng: Strategies for Ins^rvice Work with Teactiers." Paper pre- 
sented at the annual meeting of the National Association for 
' Research in Science Teaching, Cincinnati, Ohio, March 22-24, 
1977. 

ED 139 612 

Russock, Howard !• "Data Collection from Videotaped Experiments In a 
Biology Laboratory-" American Biology Teacher , 39(2): 93-95, 
February, 1977, 

Ruud, Orvllle George. "The Construction of an Instrument to Measure 
Proportional Reasoning Ability of Junior High Pupils." Doctoral 
dissertation, University of Minnesota, 1977. 
ED 135 616 . 

Ryman, Don, "Teaching Methods, Intelligence, and Gender 'filCtors in 

Pupil Achievement on a Classification Task/* Journal of Research 
In Science Teaching , 14 (5) : 401-409 , September, 1977, 

Salmon-Cox, Leslie and Burkart Holzner, "Formative Evaluation as a 
Social Pro/ess: A Case Si:udy," Learning Resea-rch and Develop- 
ment Center, University of Pitt6b!urgh, 1976. 
.ED 137 114 

Santlesteban, A, Joseph. "Teacher Questioning Performance and Student 
Affective Outcomes," Journal of Research in Science Teaching , 
13(6) :553-557, November, 1976, 

t> 

Santlesteban, A, Joseph and John J* Korlan* "Instruct lorial Adjuncts 

and Learning Science from Written Materials." Journal of Research 
In Science Teaching , 14(1): 51-55, January, 1977- 

Santlesteban, A, Joseph and John J. Koran* "Acquisition of Science 
Teaching Skills Through Psychological Modeling and Concomitant 
Student Learning •" Journal of Research in Science Teaching , - 
14 (3): 199-207, May, 1977. ^ 

Sayavedra, Leo. "Teacher Differential Expectations and Interaction 
with Mexican American ^nd Anglo American Secondary Physical 
Science Students." (University of Texas at Austin, 1976.) 
Dissertation Abstracts International , 37 (8) :5016-A, February, 
1977 . 



Ill 

116 



Sch^xnayder, Douglas Bennett. "Selected High School Factors as 
Predictor55 of Achievement in Freshman College Biology." 
(University of Southern Mississippi, 1977.) Dissertation 
Abstracts International , 38(5) :2687-A, November-, 1977, 

Schilling, Joan Margaret. "The Effects of Specially Designed Concept 
Lessons and Instructional Programming for. the Individual Student 
on Children's Achievements in Science." (University of Wisconsin 
Madison, 1976,) Dissertation Abstracts International , 37(10): 
6378-A, April, 1977. 

Seal, Charles Wayne. "Two Methods of Teaching a General Biology 

Course in a Community College: Audio-Tut otial with Conventional^ 
Lecture-Laboratory." (Auburn University, 1976.) dissertation 
Abstracts International , 37 (9) : 5729--A, March, 1977. 

Searles, William E. ^ "Thought Process Analysis: An Aid for Under- • 
standing Inquiry-Type Science Curricula." Reports in Education, 
Number 6. Faculty >of Education, McGill University, Montreal,- 
1977. . • 

ED 149 970 

Serlin, Ronald Charles, "the Effects of a Discovery Laboratory on 
the Science Process* Problem- Solving, and Creative Thinking 
Abilities of* Undergraduat es. " (University of California, 
Berkeley, 1976.) Dissertation Abstracts International , 37(9): 
5729-A, March, 1977. 

Is- 

'Shann, Mary H. "Evaluation of an (Interdisciplinary, Problem Solving 
Curriculum in Elementary .Science and Mathematics." Science 
Education, 61(4) ;491-502, October-Dfecember , 1977. 

Sheehan, Daniel S. and Ronald K. Hambleton. ^Adapting Instruction 
to Student Differences in an Individualized Science ^Program." 
Journal of Research in Science /Teaching , 14(1); 27-32, January, 
1977a. 

Sheehan, Daniel S. and Ronald K. Hambleton. "A Ptedictive Study of 
Success in an Individualized Science Program." School Science 
^ • and Mathematics , 77(l):13-20, January, 1977b. 

Shymansky, James A. and others. "A Study of Student Classroom 

Behaviot and Self-Perception as It Relates to Problem Solving."- 
Journal of Res^rch in Science Teaching , 14 (3) : 191-198, May, 
1977. 't: 

Silberx, Alvin Jay. "A Study to Determine Spme of the Effects of 

Two Educational Environments on High School Physics Students." 
(Columbia University Teachers College, 1977.) Dissertation 
Abstracts International , 38 (4) : 2026-A, October, 1977. 

Simmons, .Ellen Stephanie. "The Effects of Kinetic Structure on Know- 
ledge About and Performance of a Psychomotor Skill: Teaching 
Students to Use the Compound Micrdscope." Science Education , 
61(1) :.19-g3', January-March, 1977. 

112 

^ , 117 



Slater, Carmon Leroy* -"A Five-Year Study of Flexibility, • luency, _ ^ 
and Origiijality with Attitudes Tos^^ards Science and Other Criteria 
i Associated with'^ Success in Secondary School Science/' (University 
of Iowa', 1976.)' Dissertation Abstracts International , 37 (8):5017-A 
February, 1977 . " ^ " ^ ^ 

Smith, Albert^B,.. and others, "Improving Instruction by Measuring 
Teacher Discussion Skills." American Journal of Physics , 
45(l):83-86, January, 1977. ^ • 

Smith, Dudley Wayne. "The Self-Evaluation of Long-Te^rm •Classroom 
Teacher Behavior Changes' Resulting from Participatipn in In- 
Service Earth Science Academic Year Institutes." (University 
of Northern Colorado, 1976.)^ Dissertation Abstracts International , 
37(7):A257-A, January , ^1977 . " 

Smith, Edward L. and Michael J. Padilla. "Strategies Used by Firsts- 
Grade Children in Ordering Varying Numbers of Objects by Length 
and Weight ." Journal of^Research in Science Teaching , ^lA (5) : 
461-466, September, 1977. 

Smith, Otis J^ck. "The Effect of a Future-Oriented Unit on Studen*^ 
Cognitive Achievement and Attitude Toward Science." (Texas Affl 
University, 1976.) Dissertation Abstracts International , 37(8): 
4836-A, February, 1977. 

•Smith, Patricia J. and Thomas Van Egeren. "Piagetian Principles Used 
in a High School Chemistry Cl.ass." Paper presented at the • 
national meeting of the American Chemical Society, New Orleans, * 
Louisiana, March, 1977. ^ 
ED 141 079 

Smith, Theodore Roosevelt. "The Development and Assessment of Counsel- 
ing Guidelines Designed to Enhance Minority Participation in 
Science. and Related Fields in the Tidewater Virginia Area." 
(University of Maryland, 1976.) Dissertatioh Abstracts Inter- 
national , 38(6):3298-A, December, 1977. 
J 

Soydhurum, Pisarn. ."An Analysis of the Thai IPST Biolo'gy Program in 
Terms of Classroom Activities and Attitudes." (University of 
Texas at Austin, 1977.) Dissertation Abstracts International , 
38(5):2688-A, November, 1977. 

Spears, Jacqueline and Dean Zollman. "The Influence of Structured 
Versus Unstructured Laboratory on Students' .Understanding the 
Process in Science." Journal of Research in Science .Teaching , 
14(l):33-38, January, 1977. 

Sperry, Joseph William. "Computer Simulations and Critical Thinking 
in High School Biology." (University of Utah, 1976.) Disser- 
tation Abstracts International , 37 ^9) :573i9-A, March, 1977. 

s 

Sprague, Susan. "An Analysis of the- Cognitive Effects of Classroom 
Verbalization During the Manipulation of Science Materials." 
(Arizona State University, 1976.) - Dissertation Abstracts 
" ' Iriternational, 37 (10) : 6389-A, April, 1977. ^ . 



113 



118 



/ Squires, T'rances Helen. '*An Analysis of Sex Differences and Cognitive 
Styles on Science Problem Solving Situations/' (Ohio State 
Uniy^sity, 1977. ) Dissertation Abstracts International , 
38 6)i'2688-A, November, 1977. 

Stallings, Everett S. and William R. Snyder. 'iThe Comparison of 
the Inquiry Behavior of ISCS and Non-ISCS Science Students 
as Measured by the Tab Science Test." Journal of Research in 
Science Teaching , 14(1): 39-44, January, 1977. 

Stallings, Mark Anthony. "A Study of Practitioners' Ideas on Pre- 
Service Competencies Needed for High School Biology Teachers. 
Masters' dissertation, Kansas State University, 1977. 
ED 150 014 * • • 

Staniskls, Charles Christophei^- "A Comparison of Student Content 
Achievement in Biology BeC^een Computer Managed Instructional 
and Non-Computer Man^g^d Instructional .Biology Courses." 
(Temple University, 1977 . )^ Dissertation Abstracts International , 
37 (12):7665-A\ June, 1977^ 

Steiner, Robert L. "Cognitive dissonance as a Means of Effecting 
^hanges in School Related Attitudes."' Paper present^ffd at the 
0 (annual meeting of the National Association for Research in 
•^Science Teaching, Cincinnati, Ohio, March .22-24, 1977. 
ED 137 092 

Steller, J. Ph. "What is the Difference?" School Science Review , 
59(206):142-145, September, 1977. 

Stephens, Larry J. *'\^\at Role Does the Grading of Homework Play in 
Upper Level Engineering Courses?" Educational Research and 
Methods (ERM), 9(3)j64-65, 1977. ^ : . 

Stocker, Carl.' "Student Attitudes Toward Science Before and After 
Introductory College Physics Courses." Major Applied Research 
Project, Nova University, June, 1976. 
ED 141 080 

Streitberger, E. "What Should We Be Teaching Them in High School?" 
The Science Teacher , 44(8):35-37, November, 1977. 

Stronck, David R. "Changing Attitudes Toward Nutrition." Washing- 
ton State University, Pullman, 1976. 
ED 137 054 

Subhadhira, Suphasinee. "A Correlation Study Between Sclencje Cognitive 
Achievemen^A of Thai Secondary Students and Their Performances on 
the Piagetian Task Instrument." (University of Northern Colorado, 
19770 Dissertation Abstracts International , 38^(2) : 716-A, 
August, 1977. 




Suj*al, Dennis W. "A Comparison of Two Pre-Professional Programs in 

the Department of Early Childhood Elementary Education." Univer- 
sity of Maryland, College Park, 1976. ' 
ED 139 624 



O *' 114 



ERLC 



119 



Spter, Patricia H. "UsiVig Audio-Visual Study Lessons to Teach the 
Unprepared Student/' ^ School Sci^ncB and^Mathematvfrs , 77(3): 
247-250,' March, 1977. ^^^^^ ~ 

Swanson, James E. , "The Effects of Adapting Elementary Science 
Instruction to Students' Entering Achievement Levels^" 

« Research and Development Center for Cognitive teaming, ^ 
University of Wisconsin, Madison, 1977. 

ED 149 969 , ' , . ^ ' . 

Sweeney, Mary Elizabeth. 'VThe Development and Test of -^n Information 
Theoretic Model of Science^Teachers Processing -Verl)al Cognitive 
Tasks as Related to Personality Variables Measured by the Edwards- 
Personality Schedule." (University of Rit^.sburgh, 1976.) 
, Dissertation Abstracts International , 37(7) :4266-A, January, 1977. 

Swift-, Jepnif.er Ruth Wallenfels. "The Effects of Participation in 
^Selected Activities from the Biological Sciences Curriculum 
Study-Elementary School Sciences Pi-ogram on the Enhancement of 
Listening Skills." (University of^ Texas at Austin; 1977.) • 
Dissertation Abstracts International , 38(5) :2689-A, November, 
1977^ • . 

w 

Tamir, P. "Effects of the Teacher's Background on Teaching and 
^ Students' Achievement in Botany and Zoology." Science Education , 
60(3):291-298, July-September, 1976. 

Tamir, Pinchas. "Factors Which Influence Student Achievement in High 
^ School Biology." Journal of Research in Science Teaching , 13(6): 
539-545, November, 1*976. i 

— sZEaylor, William Andrew. "Influence of Teacher, Family, MecfeLa, and 
Avocational Factors on Career Interests of Black Ninth Gtade 
Central City Students." (Columbia University Teachers College, 
1976.) Dissertation Abstracts International, 37 (8) :5017-^, 
Feb rWy, .1977. ^ 

Terapigittra, Somsuke. "An Anarly6is of the Program for Preparing 

Science Teachers at SRI Nakharinwirot University at Prasarnmitr, 
Bangkok,. Thailand, 1974-1976." (University of Southern 
California, 1976. ) Dissertation Abstracts International , 
38(1):215-216-A, July, 1977. 

Thiele, Eberhard Hans . "Assessing an Af f ective7Aesthetic Approach 
to Self-Instructional Activities in Ecology for Non-Science v 
Majors." (University of C^ilifornia, Berkeley ,* 1976 . ) Disser- 
tation Abstracts International, 38 (2>>: 717-A^ August, 1977.- 



/ 



Thomas, Frederick Jame3. "An Exploratory Study on the Cultural 
Relevance of Science Instructional Materials: The People's 
Republic of China." (Indiana University, 1976.) Dissertation 
Abstracts International, 37(8) :5018-A, February, 1977. 



J 



ERIC 



115 

120 



Thomas, Glenn Harvey. "A Study of Selected Academic Factors Influenc- 
ing Student Enrollment in Science and Engineering at Los Angeles 
Valley College/' (Unj.versity of Southern California, 1976.) 
Dissertation Abstracts International , 38(A) : 193 1-A, October, 
1977. • 

Thro, Mary Patricia. "Relationship Between Cognitive Structure ' 

and Content Stifucture of Selected Physics Concepts/' (Washington 
State University, 1976.) Dissertation Abstracts International , 
37 (8) :5018-A, .February, 1977^ 

Tongsookdee, Mungkorn. ^ "A Proposed Program of Science Education for^ 
Elementary and Secondary School Science Teachers at Teachers 
Training College, Pitsar\uloke, Thailand."^ (University of 
Southern California, 1976.) ' Dissertation Abstracts International , 
38(4):1868-A, October, 1977. 

Torrance, David R. 'The Television Test of Science Processes." 

Unpul?lished doctoral dissertation, Pennsylvania State University, 
1976j 
^ ED 138 466 



:ieiic 



Treagust , 
• ' Sc 

Educdt 
ED 1^6 



the 



Vandette, 
of 
tifici 
tion 



David F. and Vincent N. Lunetta. '"Mathematical* Models in 



e Education Researcti." TBchni<:al Report No. ai. 
ion Center, University of Iowa, Iowa City, 19[77 
034 ' ^ ^ 



Science 



Edmund Frederick. "TJie Issue of Peer Review 
Agency-to-Individual -Approach "to Federal Fun-i 
Research." (Michigan State University, 1977.) 
Abstract3»s International, 38(5) :2475-A, November, 1977. 



Vanek, Eugenia Poporad and John J. Montean. "The Effect 
Sciei:ce Programs (ESS and Laidlaw) on Student Class 



Skills, Science Achievement, ^nd Attitudes." ^ Journal of 



Rese£irch in Science Teaching , I4(l):57-62, January^ 



A Case Study 
ing of Scien- 
Disserta- * 



of Two 
if ication 



197 7. 



Vannan, Dcnald A. "Adapted Suggestology and Elementary Science at 

Blootiisburg State College." Paper presented at the annual meet- 
ing c-f the National Science Teachers Association, Cjlncinnati, 
Ohio, March, 1977. 
ED 1!2 520 



Van Norrer 
Think 
Wager 
ED 



13 9 



Volkov, K 
Sc 
19(3^ 



ierc 



Walsh, 

Physl 
Met 
.Abstr 



hcd 



, B. "Original and Derived Creativity in Scientific 
ing." Bulletin No'. 39, Agricultural Universit; 
ingen, Netherlands, 1976. 
609 



tl* "Certain Problems in the' Development of 
e Under the Tenth Five-Year Plan." Soviet 
16-34, January, 1977. 



P(2dagogical 
Education, 



Rotlert Graham, Sr. "The Keller Plan in College 
cal Geology: A Comparison, with the Convent 

(University of North Dakota, 1975.) Diss 
acts International, 37(7) :4257-A, January, 197| 

116- -■ 



roductory 
ion^l Teaching 
rtation 



ttrnat: 



121 



Wanchoo, V; N. and T. N. Ralna, Editors. Research in Science and 
Mathematics Education . Regional Coliege of Education, Ajmer, 
India, 1976. . . 

ED 135 638 



ra 



es\ to Interpret 
rri^ulum ^^tudy — 

(Pennsylvania 
cts jlnternational, 



Watkins, Donald T.' "A Study of Cognitive Preferenc 
Student Learning in the Biological Science Cu 
Green Version in High Schools of Pennsylvani 
- State UniveiTsity, 1976.) Dissertation Abst 
37(11) :7058--A, May, 1977. 

Waugh, Michael L. "The Effects of Diagnostic Testing ks an Or^aniz- 
^ ing Feedback Mechanism on the Achievement 'of 'First Yeai: College 
Biology Students." Paper presented. at the Regional Meeting of ■ 
the S'outherh Association -foj the Education of Teachers in 
Science, 1977. / j 

ED 141 082 \ ' , 



Welch, Wayne W. "Five Years of Evaluating Fecieral Programs — Impli- 
cations for the Future." Research Paper No. '22. Minnesota 
Research and Evaluation Project, University of Minnesota, 
Minneapolis, 19*76. 

ED 148 638 ^ • . 

Welch, Wayne W. and Victor L. Willson. "An Evaluation of Alternative 

Systems -for Implementing Curriculum Change." Journal of Reserach 

in Science Teaching , 14 (3) ;223-230, May, 1977. • - 
— • ^ \ 

l^heeler, Alan E. and Heidi Kass. "Proportional Reasoning in Intro- 
ductory High School Chemistry." Paper presented at the annual 
meeting of the National Association for Research in Science 
' Teaching, Cincinnati, Ohio, March 22-24, 1977. 
ED 139 620 ^ 

White, Edwin Phillip. "The Relationship Between Selected Characteris- " 
tics of Regional USMES Resource TeairfsToTTlf f erenc^s in Levels of 
Implementation and Diffusion of the USMES Program." (University 
of Virginia, 1976.) Dissertation Abstracts International , 37(7): 
4108-A, January, 1977. ^ 

Whittaker, Muriel. "An Investigation into Teacher Attitudes to 

Objectives for Primary Science Teaching."' School Science Review , 
58(203) :360-366, December, 1976. 

Wiersma, William. Research Methods in Education . ' Itasca, New York: 
Peacock Publishing Co., 1975.. 

Wilbur, Norma June Lash. "The Science Laboratory as a 'Cfearning' 
Environment: An Exploratory- Investigation. " (University of 
Southern California, 1977.) Dissertation Abstracts International , 
38(3):1262--A, September, 1977. . 

Williams, Charles Wesley. "A Comparison of a Conventional Teaching 
Method Versus a Quarterly Instructor-Rotation Method of Teaching 
High School Biology." (University of Maryland, 1976.) Disser- 
tation Abstractsi^ International , (37(12) : 7672XA, June, 1977. 

117 

192 V 



Wilson,- James M. "Practical Work in Physics in Scottish Schools/' 
. School Science Review, 58(205) :783-790, June, 1977* 

m — : 

Wilson, John !• and John J. Koran, "Effects of Generating Hunches on 
Subsequent Search Activity \r^ien Learning by Inquiry." Journal 
of Research in^ Science Teaching , 13 (6) :479-488, Novembet, 1976* 

Wolfe, Lila F. "Correlations Among Course Activities Used to Eval- 
uate Elejmentary Science Teacher Interns/' Journal of Research 
In Science Teaching , 14 (2) : 157-162, March, 1977. 

Wolff, Robert Eugene, "A Comparative Study of the Attitudes and 

Perceptions of SciencTe Teachers and Counselors Relative to . 
Selected Aspects of Science Education," ^University of Nebraska- 
Lincoln, 1976,) Dissertation Abstracts International , 38(1): 
192-193-A, July, 1977, 

Wollman, Warren and, Anton E, Lawson, "Teaching the Procedure of 
Controlled Experimentation: A Piagetian Approach," ' Science 
Education , ^l(l):57-70, January, 1977. 

«> 

Wood, Clair G, "An Examination of the Interrelationships Between 
Societal Factors and the Development of the High School 
Chemistry Curriculum from 1850 to 1939," (University of Maine, 
1976,) Dissertation Abstracts International , 37 (10) : 6389-A, 
April, 1977, 

>> 

TTright, Ellsworth Keith, "Inf luence^of the Science Curriculum \ 
Improvement Study on Attitudes and Process Skills of Seventh 
Grade Students,"^ (University of Norihern Colorado, 1976,) 
Dissertation Abstracts International^ 37 (7) !4258-A, January, 
1977, 

Wuhl, Louis Steven, "Achievement in Third and Fourth Grac^ Science 
As a Function of the Interaction of Cognitive Style ^aud Method 
of Instruction," (University of Pennsylvania, 1977.) Disser- 
tation Abstracts International , 38(3) :1316-A, September, 1977, 

Yeany, /Russell, "The Effects of Model Viewing with Systematic 

Strategy Analysis on the Science Teaching Styles of Preservice 
Teachers," Journal of Research in Science Teaching , 14(3): 
209-222, May, 1977, 

Yeany, Russell H,, Jr, "Evaluating Science Teacher Preparation Pro- 
grams by Assessing Teachers and Pupils," Paper presented at the 
annual meeting of the National Association for Research in 
Science Teaching, Cincinnat'i, Ohio, March 22-24, 1977, 
ED 139 62B 

Yeariy, Russell H., Jr, and William R, Capie, "A Factor Analytical 
Study of the Research Priorities of Science Educators," 
Paper presented at the annual meeting of* the National Associa- 
tion for Research in Science Teaching, Cincinnati, Ohio, 
karch 22-24, 1977, - . - 

139 63i ' 



118 

' 123 



Yoder, H- and others. "Specialized and General Science Sequences 
in the Junior High School and Their Effects on Measurements' of 
High School Biology.*' School Science and Mathematics , 77(3):" 
197-202, March, 1977. 

2a-'Rour, George I. "Identity Versus Equivalence in Weight Conser- 
vation." Science Education , 61(4) :541-547 , October-December, 
1977. 




V 

APPENDIX A': OTHER PAPERS 



Evaluation 

In- the area of evaluation, a number of important contributions to 
research were made in 1977. In this section, research focused pri- 
marily on the development of an evaluation process or instrument,^ as 
opposed to an emphasis on evaluated outcomes, and included papers 
which dealt with teaching and attitudes performance (Capie and Butts, 
1977; Colbert, 1977; Jones, 1977; Munby, 1977; Moore, 1977; Okey, 
1977; Yeany and Capie, 1977); federal programs and funding 
(Vandette, 1977; Welch, 1976); science processes (Torrence, 1976); 
cognitive development (Ruud, 1977); student interest and achieve- 
ment (Carlson, 1977; Ferguson, 1977; Hof stein .et_al. , 1977c; 
Lawrenz, 1977) and curriculum (Salmon-Cox, 1967). 



Theoretical Models and Constructs . 

Reviewers of research have often commented on the lack of theoretical 
substance to studies. Occasionally, however, a few researcljers focus 
their attention on the creation of a theoretical model or construct. 
Such papers have an important place in research, and in 1977 the 
following topics were considered: learning (Good, 1977; Lowell, 1977; 
Mallach, 1977; Treagust and Lunetta, 1977), science teaching (Lorenz, 
1977; Sweeney, 1977), scientific life^racy (Gabel, 1977a; Gibbons, 
1977), and the terms "involvement" (Butzow and Williams, 1977), / 
"creativity" (Van Norren, 1976), "discovery and inquiry" (Kornbau, 
1977), "view of science" (Munby, et-al.., 1977). . _ 



History 

Research in the area of histor^ has always been rar.e (^^allinson, 1975 
review) but 1977 is exceptionajf . Two studies fall into this 'category. 
Wood (1977) studied the relationship between social factors and the 
development, of high school chemistry curricula between 1850 and 1939. 
(Readers are Ireferr^d to studies reported jund^ SURVEYS of programs 
for research related to this topic; see Streitberger , 1977 and others.) 
Herron's study (1977) reports data on declining enrollments in U.S. 
school science classes, based on selected years between 1889 and 1974. 



Curriculum 

Finally, there were research papers on the development and evaluation 
of curriculum. Several papers generally looked ajial^-tically at the . 
development of a specific course of instruct ion ' of ten with an empha- 
sis on its theoretical framework (Clipsham, 1977; Finegold, 1977; 
\ Novak, 1977; Searles, 19^77). 

Readers will find Welch and Willson's paper (1977) on\he evaluation 
of alternative systems for implementing curriculum changie is of special 
interest. Additionally, Bredderman's (1977) survey and ev^nation of 
elementary school science program adoption *is of interest. 
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APPENDIX B: IHTERNATIOiNAL REFERENCES OF RESEARCH IN SCIENCE EDUCATION 
(Also listed within Bibliography) 

Australia 

Blake, Anthony John Dyson (1976) 
Haddock, M. N. and Colin N. Power (1976) 



Canada 



Even, Alexander (197 7) 
Fraser, Barry J. (1976) 



Israel 



Hofstein, Avi and others (1976, 1977a, 1977b, 1977c) 
Kagan, hiartin H. and Pinchas Tamir (1977) 



Kenya 

igambi, Levi Libese (1977) 

'Nigeria 

Abdullahi, Aliyu (1977) 
Balogun, Taju Adedokun (1977) 
Onyike, Innocent Ozurupba (1977) 



Puerto Rico 

Ortiz Plata, Georgina (1977) 

• » 

Scotland 

Wilson, James^M. (1977) 

Thailand 

Raven, Ronald J. and Kingfa Thongpr^sert (1977) 
Subhadhira, Suphasinee (1977) 
Terapigiltra, Somsuke (1977) 



^ Tohgsookdee, Mungkorn (1977) 
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U.S.S.R. . 

Buravikhln, V. A. (1977) . 
Dobrzhitskii, B. (1977) 
Gloriozov, P. and V. Ryss (1977) 
Goloborod'ko, M. and F. Sokolova (1977^ 
, Miagkova, A. (1977) 
Razumovskii, V.; V. Usanov; and L. KhizhniakovaH1977) 
Volkov, K. N. (1977) 

Combined ' » . 

Karplus, Robert et al . (L-977) 
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APPENDIX C 



ABSTRACTS PERTAIKING TO SCIENCE EDlJCAtlON FROM U.S.S.R. 



SOVIET EDUCATION 

prepared by Janice Cruz 



Volkov, K. N. "Certain Problems in the lievelopment of Pedagogical 
Science Under the Tenth Five--Year Plan/* Soviet Education , 
19(3y:16-34, January, 1977. 



Purpose : To find out about the origin of research problems, factors 
upon which fonnulation of research problems^ depend , the way they 
reflect d&nands of practice that urgent 1:^ require elaboration of the 
pressing c?robler.s of education and upbringing. 

Method: Pedagogical science department of USSR Ministry of Education 
studied this question at scientific research institutes of pedagogy 
of the ministries of Q^cucation. There are 15 of these scientific 
institutions with staff personnel of 1,534. 

Results Drawn frcm Data : 77 percent of scientific problems under 
study are advanced by institutes themselves. A greater share of 
topics are proposed by rank-and-file research associates. Because 
of palnning fron: "below," plans of institutes are often overloaded 
y±t^ relatively unL-npcrtant problems^ that are repeated from year to 
ye^r, duplicate the problems studied at^ other institutions, and are 
someilmes remote from the real needs republic's system of pub- 

lic education. 

Quastion Which Arises : How can disparity between practical needs 
and pedagogical science be overcome? 

The article indicates several possible ways to deal with this 
problem. Most of the article is devoted to describing the "plan- 
order" practice of USSR Ministry of Education for dealing with 
research priorities and some of the areas where research is 
especially needed . 



Buravikhin, V. A'.. "Science and Education." Soviet Education , 
19(3):86-96, January, 1977. 

Science and technology are advancing at a >pry great pace. The 
problem has arisen in education in the field because even though 
rcsearch**has shown ways to solve problems, results of^this research 
have iu>t-*f iltered down to the schools. Schools need to be able to 
incorporate these results in their practices. 

The article also discusses s^e of the research resources available 
and some of the ways to use these resources to help alleviate the 
problem. • 
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Miagkova, A. "Studying the Basics of the Science of Living Nature." 
Soviet Education, 19(8):5-23, June^ 1977. 



This article discusses some of the new scientific distoveries in the 
field of biology, how these have been incorporated into the curric- 
ulum, the quality of textbooks, teachers, printed materials, and 
instructional materials. It also covers what pupils know, what 
they have difficulty learning, and the results of some testing of 
pupils' kn'owledge. This information is used to indicate ways the 
curriculum should be changed or improved to help pupils learn more 
effectively. 

Razumovskii, V.; V. Usanov; and L. Khizhniakova. "Ways to Make 
Physics Teaching More Effective."'^ Soviet Education , 19(8): 
24^-32, June, 1977. 



This article discusses five specific areas relating to the teaching 
of p*hysics: (1) the attainnents of the new physics curriculum, (2) 
the ways the new physics curriculum is not being fully realized, 
(3) the shortcomings of students according to test results, (4) the 
ways to overcome student shortcoErings, and (5) the ways to use 
materials and examinations most effectively. 



Gloriozov, P. and V. Ryss. "The New Chemistry Curriculum and the 
Task of the School." Soviet Education , 19(8):33-46, June, 
1977 . 



This article is very much' like the Razumovskii article except that 
chemistry is the curricular area discussed. Gloriozov describes 
the new chemistry curriculum, the results of the work under the 
new curriculum in grades seven, eight, nine and ten, and the ways 
the teaching of chemistry in secondary schools could be improved. 



Goloborod *ko,' M. and F. Sokolova. "Bringing Out Interdisciplinary 
Relationships in the Teaching of Physics and Chemistry." 
Soviet Education , 19(8) :47--51, June, 1977. ' 

Pointed out in this article are the ways interdisciplinary relations- 
ships in physics and chemistry can be brought out under the new 
curriculum and the- roles of teachers and principals in bringing 
'this about. 

\ 
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Dobrzhitskii, B- "On the Nevr Fourth-Grade Nature Studies^ Course." 
Soviet Education, 19(8):52-58, June, 1977.^ 



Described in this article are the methods proposed by teaching methods 
specialists tor teaching nature studies courses, the results of tests 
given to children taught by these methods, a summarization of the 
shortcomings of pupils' knowledge based on test results, the factors 
explaining the shortcomings, and the ways of improving teaching 
methods to overcome these shortcomings. 
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